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LETTER I. 

Coniinuatian of the Subject, and of Mistakes m the 

Knowledge of Truth. 

The three classes of truths which I have now un- 
folded are the only sources of all our knowledge ; 
all being derived from our own experience, from 
reasoning, or from the report of others. 

It is not easy to determine which of these three 
sources contributes most to the increase of know- 
ledge. Adam and Eve mast have derived theirs 
chiefly from the two first ; God, however, revealed 
many things to them, the knowledge of which is to 
be referred to the tliird source, as neither their own 
experience nor their powers of reasoning could 
have conducted them so far. 

Without recurring to a period so remote, we are 
sufficiently convinced, that if we were determined to 
believe nothing of what we hear from others, or read 
in their writings, we should be in a state of almost 
total ignorance. It is very far, however, from being 
our duty to believe every thing that is said, or that 




we read. We oQght conatantly to employ onr dis> 
c«ming faculties, not. only with respect to truths of 
the third class, but.lik«wise of the two othen. 

We are so liable to sufTer ourselves to be dazdfd 
by the senses, and to mistake in our reasonings, that 
the very sources laid open by the Creator for the 
diacoveiy of truth very frequently tdunse us into 
error. Notions of the third class, (hererore, ought 
not in reason to fall under suspicion, any more Uuto 
such as beloDg to the other two. We ought, ttaer»> 
fore, to be equally on our zuard against deception, 
whatever be the class to which the notion belongs; 
for we find as many instances of error in the fist 
and second classes aa in the third. The same thing 
holds with regard to the certainty of the particular 
articles of knowledge which these three sources sup- 
ply j and it cannot oe affirmed that the tnithsof any 
one order have a surer foundation than thqse or 
another. Each class is liable to errors, by which we 
may be misled ; but there are likewise precautions 
which, carefully observed, furnish us with nearly 
the same degree of conviction. I do not know 
whether you are more thoroughly convinced of thia 
truth, that two triangles which have the same base 
and the same height are equal to one another, Hian 
of this, that the Russians have been at Berlin ; 
though the former is founded on a chain of accurmlo 
reasoning, whereas llie latter depends entirely on 
the veracity of your informer. 

Reepecting the truths, therefore, of each of theM 
classes, we must rest satisfied with such proofs u 
correspond to their nature ; and it would be ridicu- 
lous to insist upon a geometrical demonstration of 
the truths of experience, or of history. This is 
usually the fault of those who make a bad use of their 
penetration in intellectual truths, to require mathe- , 
matical demon strdtion in proof of all the truths of 
reltfrion, a gnat part of which belongs to the tUid 




latere are peraoiu detennined to beliere aad admit 
bottling but what thev tee and toiieh ; wluttever 70a 
would p^ve to them Djreasoiuns,b«itever Bo-tolidi 
th^>«re diaposed to suspect, uoless yon {d8c« it 
before their eyes. Chymisia, anatoiniets, and naL 
nraJ philoaophere, who employ themeelvea whoUv 
in making ezperimentB, are most chargeable with 
this Tault. Every thine that the one cannot melt in 
his cmcible, or the other dissect with his scalpel, 
they reject as unfounded. To no pnrpose woukd you , 
speak to them of the qualiliea and natore of the soul ; 



tner admit nothing but what strikes the si 

Thus, the particular kind of study to wlncn tuerj 
one is addicted has such a powerful influence on his 



r of thinking, that the natural philosopher 
. and chymist will have nothing but experiments, and 
the geometrician and logician nothing but argu- 
ments; which constitute, however, proofs entirely 
difTerent, the one attached to the first class, the 
other Id the second, which ought always to be care- 
fully distinguished, according to the nature of the 
objecta. 

But can it I>e possible that persons should exist 
who, wholly absorbed in puteuita pertaining to the 
ttaird class, call only for proofs derived from that 
aourcel I have knownsome of this description, who, 
totally devoted to the study uf history and antiquity, 
would admit nothing as true but what you could 
prove by history, or the authority of sonie ancient 
author. They perfectly agree with you respecting 
the truth of the propositions of Euclid, but merely 
OB the authority of Inst author, without paying any 
attention to w demonstrations by which he sup- 
ports them ; they even imagine that the contrary of 
these propositions might be true, if the ancient geome- 
triciaoa had thought proper to maintain it. 

This ia a source of error which retards many in 
the pursuit of truth ; but we find it rather among 
the Isamed, than among those who are beginaug to 

Vol. II.— B 
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apply themselrea to the study of the sciences. We 
ought to have no predilection in favour of any one 
of the three species of proofs which each'tlass re- 
quires; and provided they are sufficient la- tkeir 
kind, we are bound to admit them. 

Iluteeteim or felt, is the proof Of the first class. 
lean demotutrate it, is that Of the second: we like- 
wise say, / tnow it u to. Finally, / receive it on tha 
tettimony of pertom worthy of credit. Or / beUetm U 
on telid groundt, is the proof of the third class. 

AOi Apnl, 1761. 



Fir*t Clot* of knoum Trutht. Conviction thai TUnff 
enst externoUy, corrtiponding to the Ideas reprt- 
tented by the Seniei. Ob;ectiim of lie PyrrhonisU. 
Reply. 

Wi include in the first class of known trutht 
those which we acquire immediately by means of 
the senses. 1 have already remarked that they not 
only supply the soul with certain representations Te< 
lative to the chanties produced in a parlof the brain; 
but that they eicite there a conviction of th^ real 
existence of things external, corresponding to the 
ideas which the senses present to Ub. 

The soul is frequently compared to a man shut iip 
m a dark room, in which the images of external «t- 
Jects are represented on the wall by means of a glass. 
Thiscomparison is tolerably just, as far as it respects 
the man looking at the images on the wall ; for this 
act is sufficiently similar to that of the soul, contem- 
plating the impressions made in the brain ; but the 
comparison appears to me extremely defective, as 
far as it respects the conviction tMt the objects 
which occasion these images really exist. 
' The man in the dark room will immediately stw- 




. * QBJBCnON OF THE FTRRHONISTS. 15 

' ■< 

pect the existence of these objects ; and if he has 
no doubt about the matter, it is because he has been 
out of doors, and has seen them ; besides this, 
knowing the nature of his glass, he is assured that 
nothing can be represented on the wall but the im- 
ages 01 the objects which are without the chamber 
before the glass. But this is not the case with the 
soul ; it has never (}uitted its place of residence to 
contemplate the objects themselves ; and it knows 
stiS less the construction of the sensitive organs, 
and the nerves which terminate in the brain. It is 
nevertheless much more powerfully convinced of 
the real existence of objects than our man in the 
dark room possibly can be. I am apprehensive of 
no o)^^ction on this subject, the thing being too clear 
•f ifs^f to admit any, though we do not know the 
late fouudation of it. No one ever entertained any 

•'^•uh4 About it,» except certain visionaries who have 
fewildered themselves in their own reveries, 
llioiighnhey say that they doubt the existence of 
^xt^Mal fbjects, they entertain no such doubt in 
ff^y Jor why would they have affirmed it, unless 
Ihey ii{^ hdlievod the existence of other men, to 
.whoin jitky wished to communicate their exirava- 
rart opinioBS. 

' Thft9 conviction respecting the existence of the 
things whose images the senses represent, appears 
not only in men of every age and condition, but 

* Sfeewise in all animals. The dog which barks at me 
Ikaa no doubt of my existence, though his soul per- 
€eive8 but a slight image of my person. Hence I 
confide, that this conviction is essentially con- 
nected with our sensations, and that the truths which 
the senses convey to us are as well founded as the 
most undoubted truths of geometry. 

Without this conviction no human society could 

subsist, for we should be continually falling mto the 

greatest absurdities, and the grossest contradictions. 

Were the peasantry to dream of doubting about 
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the existence of their bailitf, or aoldiers about that 
of their officers, into what confusion should we be 
{dunged ! Such absurdities are entertained only by 
philoBophera ; any other giving himself up lo them 
would be considered as having lost his reason. Let 
UB then acknowledge this conviction as one of the 
principal laws of nature, and that it is complete, 
though we are absolutely ignorant of its true rea- 
sons, and very far from being able to explain them 
in an intelligible maimer. 

However important this reflection may be, it is 
hy no means, however, exempted from tUfficulties; 
but were they ever so ^at, and though it mi^ht be 
imposaible for us to solve them, they do not in the 
smallest degree affect the truth which I have Just es- 
tabhahed, and which we ought to consider as the 
most solid foundation of human knowledge. 

It must be allowed that our senses sometimes da; 
ceive us ; and hence it is that those subtile philoso- 
phers wlio value themselves on doubting of every 
thing deduce the consequence, that we ought never . 
to depend on our senses. I have perhaps oftenw 
than once met an unknown person in the street, 
whom I mistook for an acquEuntance : as I ^as de- 
ceived in that instance, nothing preveiMs my being 
always deceived ; and I am, therefore, never assured . 
that the person tft whom I speak ia in reality the 
one I imagine. 

Were I lo go to Magdeburg, and to present my- 
■elf to your liighness, I ought always to be appte. 
hensive of sTossly miaiaking: nay, perhaps I should 
not be at Magdeburg, for there are instances of a 
man's sometimes taking one city for another. It is 
even possible I may never have had the happiness 
of seeing you, but was always under the power of 
delusion wnen I thought myself to be enjoying that 
felioitv. 

Such are the natural conaequences resulting fron) 
the sentiments of certain philosophers ; and yol) 
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mint be abondantl^ sensible that they not only lead 
to manifest absurdity, but have a tendency to dis- 
floive all the bonds of society. 
Ith April, 1761. 



LETTER XXL 

Another Objection of the Pyrrhonists against (he Cer* 
tamty of Truths perceived by the Senses. Reply ; 
and Precautions for attaining Assurance of Senstole 
Truths. 

Though the objection raised against the certainty 
«f truths perceived by the senses, of which 1 have 
been speaking, may appear sufficiently powerful, at- 
tempts have been made to give it additional support 
irom the well-known maxim, that we ought never to 
trust him who has once deceived us. A single ex- 
inil^lei therefore, of mistake in the senses, is suf- 
lS(Cjl0ll to destroy aU their credit. If this objection is 
well founded, it must be admitted that human soci- 
ety is, of course, completely subverted. 

By way of reply, I remark, that the two other 
sources of knowledge are subject to difficulties of a 
similar nature, nay, perhaps stiU more formidable. 
How often are our reasonings eironeous ! I Venture 
to affirm, that we are much more frequently de^ 
ceived by these than by our senses. But does it 
follow that our reasonings are always fallacious, and 
that we can have no dependence on any truth dis- 
covered to us by the understanding ? It must be a 
matter of doubt, then, whether two and two make 
four, or whether the three angles of a triangle be 
equal to two right angles ; it would even be ridicu- 
lous to pretend that this should pass for truth. 
Though, therefore, men may have frequently rea- 
soned inconclusively, it would be almost absurd to 

B9 
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infer that there are not many inteHectDal truths <tf 
which we have the laosl complete conTiction. 

The same remark applies to the third source of 
human knowled^, which is unquestionably the most 
■uhjeet to error. How often have we been deceived 
by a ^undless rumour, or false report, respecting 
certain events ! And who would be so weak as to 
believe alt that gazetteers and historians have writ- 
ten* At the same time, whoever should think of 
niaintsininf that every thing related or written by 
others is false would undoubtedly fall into greater 
absurdities than the person who believed every thing. 
Accordingly, notwithstanding so manr groundless 
r^rla and false testimonies, we ai« perfectly assured 
of the truth of numberless facts, oi which we have 
no evidence but tesiimony. 

There are certain charactera which enable ua to 
distinguish truth ; and each of the three sources has 
characters peculiar to itself. When my eyes have 
deceived me, in mistaking one man for another, 1 
presently discover my error; it is evident, 'tnere,- 
fore, that precautions may be used for the prevention 
of error. If there were not, it would be imposaibto 
ever to perceive that we had been deceived. Those, 
then, who maintain that we so often deceive our- 
selves are obliged to admit that it is possible for ug 
to perceive we have been deceived, or they must ac- 
knowledge that they themselves are deceived whea 
they charge us with error. 

it is remarkable, that truth is so well established 
that the most violent propensity to doubt of every 
thing must come to thia, m spite of itself. There- 
fore, as logic prescribes rules for just reasoning, the 
observance of which will secure us from error, 
where intellectual truth is concerned ; there are 
likewise certain rules, as well for the first source, 
that of our senses, as for the third, that of belief 

The rules of the first are so natural to us, that all ' 
nen, the most stupid not excepted, understand and 
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practiBe them much hotter than the ffreateet scholars 
are able to describe them. Though it may be easy 
Bometimes to confound a clown, yet when the hail 
destroys his crop, or the thunder breaks upon his 
cottage, the most ingenious philosopher will never 
persuade him that it was a mere illusion ; and eveiy 
man of sense must admit that the country-fellow is 
in the right, and that he is not always the dupe of 
the fallaciousness of his senses. The philosopher 
■may be able, perhaps, to perplex him to such a de- 
•^e that he shall be unable to reply ; but he will 
^mwardly treat all the fine reasonings which at- 
tempted to confound him with ^ utmost scorn. 
"The argument, that the senses sometimes deceive 
ius, will make but a very slight impression on his 
mind ; and when he is told, with the greatest elo- 
iquence, that every thing the senses represent to us 
nas ho more reality than the visions or the night, it 
-will only provoke laughter. 

But if the clown should pretend to play th^ phi- 
losopher in his turn, and maintain that the' bailiff is 
a mere phantom, and that all who consider him as 
Bomething real, and submit to his authority, are 
fools; this sublime philosophy would be in a mo- 
ment overturned, and the leader of the sect soon 
made to feel, to his cost, the force of the proofs which 
the bailifr could give him of the reality of his ex- 
istence. 

You must be perfectly satisfied, then, that there 
are certain characters which destroy every shadow 
of doubt respecting the reality and truth of what we 
know by the senses ; and these same characters are 
so well known, and so strongly imnressed on our 
minds, that we are never deceived wnen we employ 
the precautions necessary to that effect. But it is 
extremely difficult to make an exact enumeration of 
these characters, and to explain their nature. We 
commonly say, that the sensitive organs ought to be 
in a good natur^ state ; that tha air ought not to ba 
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obscured by a tog; finally, that we mnat employ a 
Bufficient degree of Httention, and endeavour, above 
all Ihiofa, to examine the same object by two or 
more of our senses at once. But I am firmly per- 
suaded that every one knows, and puts in practice, 
rules much more soUd than any which could be pro* 
scribed to him. ' 

IIM April, 1761. 



Thcbi are, therefore, three species of knowledge 
which we must consider as equally certain, provided 
w© employ the precautions necessary to secure ua 
against error. And hence likewise result three 
species Of certainty. 

The first is caUod pfiyticaJ certainly. When I am 
convinced of the truth of any thing, because I myself 
have seen it, 1 have a physical certainty of it ; and 
if I am asked the reason, I answer, that my own 
senses pve me full assurance of it, and that i am, 
or have been, an eyewitness of it. It is thus I 
know that Austrians have been at Berlin, and that 
some of them committed great irregularities there. 
I know, in the same manner, that fire consumes all 
combustible substances ; for I myself have seen it, 
and 1 have a physical certainty of its truth. 

The certainty which we acquire by a process of 
reasoning is called logical or demorulraliee certainly, 
because we are convinced of its truth by demonstra- 
tion. The truths of geometry may here be produced 
as examples, and it is logical ceitamty which gives ua 
tiie assurance of them. 

Finally, the certainty which we have of the truth 
ef what we Jmow only by the report of others w 
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called nwrai ctrtainty, because it is founded oa the 
erediiility orthe persons who make the report. Thus 
TOu have only a moral certainty that the Russians 
have been at BerUn; and the same thing applies to 
all hiBtorical facts. We know with a moral certainty 
that there was formerly at Rome a Julius Ceesar, 
«n Au^iustus, a Nero, Ac, and the testimonies 
respecting these are so authentic, that we are as 
fiiliy convinced of them as of the truths which we 
discover by our senses, or by a chain of fair rea- 
BOning. 

We must take care, however, not to confound 
these three species of certainty — physical, logical, 
and moral— each of which is of a nature totally dif- 
ferent from the others. I propose to treat of each 
separately ; and shall begin with a more particular 
explanation of moral certainty, which is the third 
aptciea. 

It is to be attentively remarked, that this third 
•onrce divides into two branches, according as others 
simidy relate what they themselves have seen, or 
mane fiiU proof of by their senses, or as they com- 
municate to UB, together with theie, their reflections 
and reasonings npon them. We might add still a 
thini branch, when they relate what they have heard 
from others. 

As to this third branch, it is generally allowed to 
be very liable to error, and that a witness is to be 
beUeved only respecting what he himself has seen or ' 
experienced. Accordingly, incourts of justice, when 
witnesses are examined, great care is taken to dis- 
tinguish, in their declarations, what they themselves 
have seen and experienced, from what they fre- 
quently add of their reflections and reasonings upon 
it Stress is laid only on what they themselves have 
aeen or experienced; but their reflections, and the 
conclusions which they draw, however well founded 
they may otherwise be, are entirely set aside. The 
•ame maxim is observed with respect to historians { 
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and we wish them to relate only what they them- 
selves have witnessed, without pursuing the reflec- 
tions which they so frequently annex, though these 
may be a groat omamenl to history. Thuswe have 
a greater dependence on the truth of what others 
have esperienced by their own senses, than on what 
they have discovered by pursuing their meditations. 
Every one wishes to be roaster of his own judgment ; 
and unless he himself feels the foundation and tba 
demonstration, he is not persuaded. 

Euchd would in vain have announced to us the 
most important truths of geometry ; we should never 
have believed him on his vrord, but have insisted 
on prosecuting the demonstration step by step our- 
selves. If I were to tell you that 1 had seen such 
or such a thing, supposing my report faithful, you 
would without hesitation give credit to it; nay, I 
should be very much mortified if you were to sus- 
pect me of falsehood. But when I inform you that 
in a right-anded triangle, the squares described on 
thetwosmalfersidesare together equal to the aquar* 
of the greater side, I do not wish to be believed on 
my won, though I am as much convinced of it as 
it IS possible to be of any thing ; and though 1 could 
allege, to the same purpose, the authority of the 

rvatest geniuses who have had the same conviction, 
should rather wish you to discredit my assertion, 
and to withhold your assent, till you yourself com- 
prehended the solidity of the reasonings on which 
the demonstration is founded. 

It does not follow, however, that physical cer- 
tainty, or that which the senses supply, is greater 



This is the best method of cultivating the sciences, 
and of carrying them to the highest degree of per* 
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The truths of the seosea, and of history, greatly 
multiply the particulars of human knowledge ; but 
the faculties of the mind are put in action only by 
reflection or reasoning. 

We never stop at the simple evidence of the 
senses, or the facts related by others; but always 
follow them up and blend them with reflections of 
our own : we insensibly supply what seems deficient, 
by the addition of causes ana motives, and the de- 
duction of consequences. It is extremely difficult, 
for this reason, in courts of justice, to prociuv sim- 
ple unblended testimony, such as contains what the 
witnesses actually saw and fell, and no more; for 
witnesses ever will be mingling their own reflections, 
without perceiving that they are doing so. 

\4lh April, 1761. 



Remarit that the Sana contriititt (o Me Increate of 
Knowledge; and Prtcaaliunt for acquinng the Cer- 
tainly ofHittoTicai Trutkt. 

Thk knowledge supplied by our senses is un- 
doubtedly the earliest which we acquire ; and upon 
this the soul founds the thoughts and reflections 
which discover to it a great variety of intellectual 
truths. In order the better to comprehend how the 
senses contribute to the advancement of knowledge, 
I begin with remarkinit, that the senses act only on 
individual things, which actually exist under ciicum- 
stancee determined oi limited on all sides. 

Let us suppose a man suddenly placed in the 
world, possessed of all his faculties, but entirely des- 
titute of experience ; let a stone be put in his hand, 
let him then open that hand, and observe that the 
Btoiw falls. Thib is an experiment limited on all 
sides, which gives him no information, except that 
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lliis stone, being in the lell hand, for example, anct 
dropped, falls to the ground ; he is by no means 
absolutely certain that the same effect would ensue 
were he to take another stone, or the same stone, 
with his right hand. It is still uncertain whether 
this stone, under the same circumstances, would 
again fall, or whether it would have fallen had it 
been taken up an hour sooner. This experiment 
atone gi*es him no light respecting these particu- 

The man in question takes another stone, and 
observes that it falls likewise, whether dropped from 
the right hand or from the left : he repeats the eX' 
periment with a third and a fourth stone, and uni' 
formly observes the same effect. He hence con* 
eludes that stones have the property of falling when 
dropped, or when that which supports them is with- 

Here then is an article of knowledge which the* 
man has derived from the experiments which he has 
made. He is very far from having made trial of* 
every stone, or, supposing him to have done so, 
what certainty has he that the esme thing would 
happen at all times 1 He knows nothing as to this, 
eicept what concerns the particular moments when 
he made the experiments ; and what assurance has 
he that the same effect would take place in the- 
hands of another man< Might he not think that 
this quality of making stones fall was attached to 
his hands exclusively < A thousand other doubta 
might slill be formed on the suhject. 

1 have never, for example, made trial of the stones 
which compose the cathedral church of Magdeburg, 
and yet I have not the least doubt that all of them, 
without exception, are heavy, and that each of them 
would fall as soon as detached from the building. 
I even imagine that experience has supplied me wiUt 
this knowledge, though 1 have Devei tried any oat 
of those stones. 
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This example is auiflcient to show how experi- 
ments made on individual objects only ha*Q led 
mankind to the knowledge of nniversal propositions; 
but it must be admitted ttiat the understanding and 
the other faculties of tlw soul interfere in a manner 
which it would be extremely difficult clearly to un- 
fold'i and if we were determined to be over-ecrupit- 
loiia about every circumstance, no progress in sci- 
ence could be made, for we should be stopped short 
at every step. 

It must be allowed, that the vulgar discover in 
(his respect much mOre good sense than those scru- 
pulous philosophers who are obstinately determined 
to doubt of every thing. It is necessary, at the same 
time, to be on our guard against faUing into the 
opposite extreme, hy neglecting to employ the 
necessary precaution b. 

The three sources from which our knowled^ is 
derived require all of them certain precautions, 
which mnat bo carefully observed, in order to ac- 
quire assurance of the truth; but it is possible, in 
each, to carry matters too fax, and it is always proper 
to steer a middle course. 

The third source clearly proves this. It would 
undoubtedly be extreme folly to believe every thing 
that is told us; but excessive distrust would be no 
less blameworthy. He who is determined to donbt 
of every thing will never want a pretence ; when a 
man says or writes that he has seen such or such 
an action, we may say at once that it is not true, and 
that the man takes amusement in relating thin^ 
which may excite surprise ; and if hla veracity is 
beyond suspicion, it might be said that he did not 
see clearly, that his eyes were dazzled ; and exam- 
ples are to be found in abundance of persons deceir 



lose all their weight when you have to do with a 
wraiwler. 
Vou II.— C 
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UsDally, in order to be ascertained of the trulb of 
a recital or history, it is required that the author 
should have been himself a witness of what he re- 
lates, and that he should have no interest in relatu^ 
it differently from the truth. If afterward two or 
more persons relate the same thing, with the aame 
cJrcumstHnces, it is justly considered as a strong 
confirmation. Sometimes, however, a coincidence 
carried to extreme minuteness becomes suspicious. 
For two persons observing the same iucidenl see it 
in different points of view ; and the one will always 
discern certain little circumstances which the other 
must have overlooked, A slight difference in two 
severdl accounts of the aame event rather esCab- 
lishes than invalidates the truth of it. 

But it is always extremely diflScult to reason on 
the lirst principles of our knowledge, and to attempt 
an explanation of the mechanism and of the moving 
powers which the soul employs. It would be glo- 
rious to succeed in such an attempt, as it would 
elucidate agreat variety of important points respect- 
ing the nature of the soul and its operations. But 
we seem destined rather to make use of our facul- 
ties, than to trace their nature through all its depths. 

mhAjiril, 1761. 



LETTER VI. 
Whether (Ae Essence of Bodies be known by us. 

ArTER so many reflections on the nature and 
faculties of the soul, you will not perhaps be dis- 
ple^tsed to return to the consideration of body, the 
principal properties of which I have already en~ 
deavoared to explain. 

I have remarked, that the nature of body neces- 
sarily contains three things, extetuion, imptaelrabiiily, 
and inertia ; so that a being in which these three prop- 
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erties do not meet at once cannot be adiiiitt«d into 
the class of bodies ; and reciprocally, when they are 
united in any one being, no one will hesitate to ac- 
knowledge it for a body. 

In these three things, then, we are warranted to 
conalilute the essence of body, though there are 
many philosophers who pretend that the essence of 
Iradies is wholly unknown to us. This is not only 
the opinion of the Pyrrhonista, who doubl of every 
thing; but there are other sects likewise who main- 
tain that the essence of all things is absolutely mi' 
known : and, no doubt, in certain respects they have 
truth on their aide : this is but too certain as to all 
the individual beings which exist. 

You will easily comprehend, that it would be the 
height of absurdity were I to pretend so much as to 
know the essence of the pen which I employ in 
writing this Letter. If I knew the essence of this 
pen (I speak not of pens in general, but of that one 
only now between my fingers, which is an indimdwd 
6ein^, as it is called in metaphysics, and which is 
distinguished from all the other pens in the world), 
if I knew, then, the essence of this individual pen, I 
should be in a condition to distinguish it from every 
other, and it would be impossible to change it with- 
out my perceiving Ihe change ; I must know its 
nature thoroughly, the number and the arrangement 
of all the parts whereof it is cbmposed. But how 
far am Ifrom havingsuch a knowledge 1 Were 1 to 
rise but for a moment, one of my children might 
easily change it, leaving another in its room, with- 
out my perceiving the difference ; aitd were 1 even 
to put a mark upon it, how easily might that mark 
be counterfeited on another pen. And supposing 
this impossible for my children, it must always be 
admitted as possible for God to make another pen 
BO niiiiilar to this that 1 should be unable to discern 
any difference. It would be, however, another pen, 
leally distinguishable from mine, and God would 




undoubtedly kriow the difierence of tiiem ; in Other 
words, God perfectly knows the essence of both 
the one and the other of these two pens : hut as to 
me, who diBcem no difference, it is certain that the 
essence is altogether beyond my knowledge. 

The same observation is applicable to all other 
individual things ; and it may be confidently main- 
tained, that God alone can know the essence or 
nature of each. It were impossible to fix on anjr 
one thing really ezisttng of which we could have a 
knowledge so perfect as to put us beyond the reach 
of mistake : this is, if I may use the expression, the 
impress of the Creator on all created things, the 
nature of which will ever remain a mystery to us. 

It is undoubtedly certain, then, that we do not 
know the essence of individual things, or all the 
characters whereby each is distinguished from every 
other; but the case is different with respect to 
fenera and tpeciei i these are general notions which 
tnclude at once an infinite number of individual 
things. They are not beings actually existing, but 
notions whicn we ourselves form in our minda when 
we arrange a great many individual thinga in the 
same class, which we denominate a species or 
genus, according as the number of individual things 
which it comprehends is greater or leas. 

And to return lo ihe example of the pen, as there 
are an infinite number of things to each of which I 
give the same name, though they all dilfer one from 
another, the notion of ;«» is a general idea, of which 
we ourselves are the creators, and which exists 
only in our own minds. This notion contains but 
the common characters which constitute the essence 
of the general notion of a pen ; and this essence 
must be well known to us, as we are in a condition 
to distinguish aU the things which we call pau 
from those which we do not comprehend under that 
Situation. 

Aa soon as we remark in any thing certain char 
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^ters, or certain qualities, we say it' is a pen : and 
^ve are in a condition to distinguish it from all other 
things which are not pens, though we are vety far 
from being ahle to distinguish it from other pens. 

The more general a notion is, the fewer it contains 
of the characters which oonstitute its essence ; and 
it is accordingly easier also to discover this essence. 
We comprehend more easily what is meant by a 
tree in general than by the term cherry'tree, pear- 
tree, or apple-tree ; that is, when we descend to the 
roecies. When I say such an object which I see in 
the garden is a tree, I run little risii of being miS' 
taken ; but it is extremely possible I might be wrong 
if 1 affirmed it was a cherrj'-tree. li follows, then, 
thai I Icnow much better the essence of tree in 
general than of the species ; 1 should not so easily 
confound a tree with a stone as a cherry-tree witn 
a plum-tree. 

Now a notion in general extends inlinitely fur- 
ther; its essence accordingly comprehends only 
the characters which are common to all beings beat- 
ing the name of badiei. It is reduced, therefore, to 
a very few particulars, as we must exclude from it 
all the chantclers wtiich distinguish one tM>dy from. 
another. 

It is ridiculous, then, to pretend with certain phi- 
losophers that the essence of bodies in general is 
m^nowR to us. If it were so, we should never be 
in a condition to aflirm with assurance that such & 



ling is a body, or it is not ; and ai 
'e Mould be tr' ' ' 



e mistaken in this respect, it necessarily 
follows that we know sufficiently the nature or es- 
■ence of body in general. Now this knowledge is 
reduced 10 three articles: extensioQiimpenetrabUity, 
and inertia. 

Sin April, 1761. 
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The Tnu Notion of Exlention. 

I BiTi already demonstrated that the geaenl 
notion of body necesaarily compreheoda these three 
qu3liIieB, extension, impenettability, and inerttft, 
without which no being can be mnked in the class 
of bodies. Even the moat scrupulous must allow 
the necessity of these three qualities in order tO' 
constitute a body; but the doubt with some is, Are 
these three characters sufficient 1 Perhaps, aav 
they, there may be several other characters wbiofa 
are equally necessary to the essence of body. 

But I ask, were God to create a being divested of 
these other unknown characters, and that it pos- 
sessed only the three above mentioued, would they 
hesitate to give the name of body to such a being! 
No, assuredly ; far if they had the least doubt on the 
subject, they could not say with certainty that the 
stones in the street are bodies, because they are not 
sure whether the pretended unknown characters are 
.to be found in them or not. 

Some imagine that gravity is an essential property 
of all bodies, as all those which we know are heavy; 
but were (>od to divest them of trr^vity, would they 
therefore cease to be bodies ! Let them ci»isider 
the heavenly bodies, which do not fall downward; 
as must be the case il they were heavv as the bodies 
which we touch, yet they give them trie same name. 
And even on the auppasition that all bodies were 
heavy, it would not follow that gravity is a property 
tsaeutial to them, for a t>ody would still remain a 
body, though its gravity were to be destroyed by a 
miracle. 

But this reasoning does not apply to the Miree es- 
«eBtul properties ^ve mentioned. Were God t» 
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umihilftte the extension of a body, it would cer< 
tainly be do longer a body; and a body divested 
of impenetrability would do longer be bodg; it 
would be a spectre, a phantom : the same holds as 
to inertia. 

You know that extension is the pr<q)er object of 
geometry, which considers bodies only in eo far as 
tiiey are extended, abstractedly from impenetrability 
and inertia i the object of geometry, therefore, is a 
notion much more general than that of body, as it 
comprehends, not only bodies, but all things simply' 
extended, without impenetrability, if any such there 
be. Hence it follows that all the properties deduced 
in geometry from the notion of extension must like- 
wise take plaoe in bodies, inaemuch as they are ex- 
tended; for whatever is appUcable to a more general 
notion, to that of a tree, tor example, must likewise 
be appliCBble to the notion of an oak, an asli, an 
Aim, ic. ; and this principle is even the foundation 
of all the reasonings In virtue of which we always 
affirm and deny of the species, and of individuals, 
every thing that we affirm and deny of the ^nus. 

There are however philosophers, particularly 
among our contemporaries, who boldly deny that 
the properties applic^le to extension in generU. 
that IS, according as we consider them in geometry, 
take place in bodies really existing. They allege 
that geometrical extension is an abstract being, from 
the properties of wliich it is impossible to draw any 
conclusion with respect to real objects ; thus, wheu 
i have demonstrated that the three apgles of a tri- 
angle are together equal to two right nnglea, this is 
a property belonging only to an abstract triangte^ 
and not at all to one really existing. ' ' ■ .■ 

But these pbilosophers are not aware of the per- 
plexing consequences whldi naturally result from 
the difference which they establish between objexta 
formed by abstraction and real objects ; and if tt 
■rare not permitted to conclude lium the first to the 
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last, no oonclgsiont snd no rensoning whatever, 
could Butwist, as we always conclude from general 
notiona to purticular. 

Now all genernl notions are as much abstract 
beings as geometrical extension ; and a tree in 
general, or the general notion of trees, is formed 
only bv abstraction, and no more exists out or our 
mind ilian geometrical extension does. The notion 
of man in general is of the same kind, and man in 

Seneral nowhere exists : all men who exist are in- 
ividual beings, and correspond to individual notiona. 
The general idea which comprehends all is formed 
only by abstraction. 

The fault which these philosophera are ever find- ' 
ing with geometricians, for employing themselves 
about abstractions merely, is therefore .groundless, 
as all other sciences principally turn on general no- 
tions, which are no more red than the objects of 
geometry. The patient, in ^neral, whom the phy- 
sician has in view, and the idea of whom contains 
fill patients really existing, is only an abstract idea; 
nay, the very merit of each science is so much the 
greater, as it extends to notions more general, that 
IS to say, more abstract. 

1 shall endeavour by next post to point out the 
tendency of the censures pronounced by these phi- 
losophers upon geometricians ; and the reasons why 
they are -unwilling that we should ascribe to real ex- 
tended beings, that is, to existing bodies, the proper- 
lies applicable to extension in general, or to ab. 
Btracied extension. They are afraid lest their meta- 
physical principles should suffer in the cause. 
S5th April, 1761. 
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LETTER VIII. 
Dittuibility of Extentton in ittfimlian. 

Tat controverey between modern philosophers 
and Rome trjci HUB, to which I have alluded, turns on 
tlie mviaibility of body. This property is undoubt- 
edly founded on extension; and it ia only in so -far 
a» bodies are extended that they are divisible, and 
capable of being reduced to parts. 

Vou will recoUect that Fig. 38. 

in geometry it is always A_I ~ 
possible to divide a line, 
however sraall, into two 
equal parts. We are 
likewise by that science 
instructed in the method 
of dividing a small line, 
as a t, Fig, 38, into any 
number of equal parts at 
pleasure: and the con-" 
sttnctiOD of this division 
is there demonstrated 
beyond the possibility of 
doubting its accuracy. 

You have only to draw 
a line A I parallel to a i 
of any length, and at any 
distance you please, and 
to divide it into as many 
equal parts AB,BC, CD, , 
DE, Ac. as the small 

line ^Tcn is to have divisions, say eight. Draw 
afterward, through the ezlremities As, and I i, the 
straight liiies A a O, I i 0, till they laeet in the point 
O; ud from draw towards the points of division 
B, C, D, E, Ac. the straight lines OB, OC, OD, 0£, 
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Ac, which shall likewise divide the smaU line a i 
into eight equal parts. 

This operation may be peTformed, however small 
the given line a i, aiid however great the number of 
parts into wliich you propose to divide it. It is true 
that in eiecution we are not permitted to go too 
far; the lines which we draw have always some 
breadth, whereby they are at length confounded, as 
may be seen in the figure near (he point O ; but the 
question is, not what may be possible for ua to exe- 
cute, but what is possible in itself. Now, in geome- 
try lines luve no breadth, and consequently can 
never be confounded. Hence it follows that fuch 
division is illimitable. 

If it is once admitted that a line may be divided 
into a thousand parts, by dividing each part into two 
it will be divisible into two thousand parts, and for 
the same reason into four thousand, and into eight 
thousand, without ever arriving at parts indivisible. 
However small a line may be supposed, it is still 
divisible iulo halves, and each half again into two, 
and each of these again in like manner, and so on 
to infinity. 

What I have said of a line is easily applicable to 
a surface, and, with greater strength of roasoiiing, 
to a solid endowed with three dimensions, — length, 
breadth, and thickness. Hence it is affirmed thai all 
extension isdivisible toinHiiity ; and this property is 
denominated diinMbility in infinilum. 

Whoever is disposed to deny this properly of ex- 
tension is under the necessity of maintaining that it 
is possible to arrive at last at parts so minute as to 
be unsusceptible of any further division, because 
they cease to have any extension. Nevertheless, 
all these particles taken together must reproduce the 
whole, by the division of which you acquired them ; 
and as the quantity of each would be a nothing or 
cipher 0, a combination ol" ciphers would produce 
^iiantit;, which is manifestly absurd. Furyoukno«r 
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perfeclly well that in arithmetic two or more cipben 
joined never produce any thing. 

This opinion, thiit in the division o( extension ot 
of any quantity whatever, we may come at last to 
particles so minute as to be no longer divisible, 
becanse ihey are so small, or because quantity no 
longer exists, is therefore a position absolutely un- 
tenable. 

In order to render the absurdly of it more sensi- 
ble, let US suppose a line of an inch long divided into 
a thousand parts, and that Ihoe parts are so sm^l 
as to admit of no further division : eacli part, then, 
would no lon^r have any length, for if it nad any it 
would be still divisible. Each particle, then, would 
of consequence be a nothing. But if these thou> 
sandpnrlicles together constituted the length of an 
inch, the thousandth part of an inch would of con- 
sequence be a nothing; which is equally absurd vrith 
maintaining that the half of any quantity whatever 
is nothing. And if it be absurd to afTirm that tho 
half of any quantity is nothing, it is equally so lo 
affirm that the half of a half, or that the fourth part 
of the same quantity is nothing ; and what must be 
granted as to the fourth must likewise t>e granted . 
with respect to the thousandth and the millionth 
part. Finally, however far you may have already 
carried in imagination the division of an inch, it is 
always possible to carry it still further; and never 
will you be able to carry on your subdivision so far 
as that th« last parts shall be absolutely indivisible. 
These parts wilt undoubtedly always become smaller, 
and their magnitude will approach nearer and nearef 
to 0, but can never reach it. 

The geometrician, therefore, is warrtnfed in af- 
firming that every magnitude is divisible (o infinity; 
and that vou c;mnot proceed so far in )owr division 
as that ail further division shall be impossible. But 
it is always necessary to distinguish between what 
is possible in itself and what we are in a condition 
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to perform. Our execution is indeed extremetr ' 
limited. AAer having, for example, divided an inch 
into a thousaiid parts, these parts are so small as to 
escape our aenses ; and a further division would to 
as no doubt be impossibte.' 

But you have only to look at this thousandth part 
of an inch thrnugh a good microscope^ which mag- 
iiifiea, for example, a thousand times, and each par- 
ticle will appear us large as an inch to the niiked 
eye ; and you ttill be convinced of the poseibilitj 
of dividing each of these particles again into a thou- 
sand parts: the same reasoning may always be car- 
ried forward without Timit and without end. 

It 19 therefore an indubitable truth that all magni- 
tude is divisible in infinitum ; and that this takes place 
not only with respect to extension, which is th« 
object of geometry, but likewise with respect to 
every other species of quantity, such as time and 
number. 

SBth Aprii, 1761. 



It is then a completely established truth, that ex- 
tension is divisible to* inRuity, and that it is impossi- 
ble to conceive p-als bo small as to be unsusceptible 
of further division. Philosophers accordingly do not 
impugn this truth itself, but deny Ihat it takes place 
in existing bodies. They allege that extension, the 
divisibility of which to infinity has been demon- 
strated, is nieroiy a chimerical object, formed by ab- 
straction ; and that simple extension, as consiaereA 
in geometry, can have no real existence. 

Here they are in the right ; and extension is un- 
dot^tedly a general idea, formed in the same man. 
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ner as that of man, or or tree in j^eneral, by ab> 
etntction; and as man or tree in general does not 
exist, no more does extension in general exist. Yon 
are perfectly sensible that individual beings alooe 
exist, and that general notions are to be fonnd only 
in the mind ; but it cannot therefore be maintained 
that these general notions are chimerical'; they 
contain, on the contrary, the foundation of all our 
knowledge. 

Whatever applies to a general notion, and all the 
properties attached to tl, nf necessity tahes place in 
all the individuals comprehended under that general 
notion. When it is allinned that the general no- 
tion of man contains an understanding and a will, it 
is undoubtedly meant that every individual n 



endowed with those liicultiea. And how many prop- 
erties do these Tery philosophers boast of havinr 
demonstrated as belonging to substance in general. 



which is surely an idea as abstract as that of exten- 
Hton ; and yet they maintain that alt these proper- 
ties applv to all individual substances, which are all 
extended. If, in effect, such a substance had not 
these properties, it would be false that they belonged 
to substance in general. 

If then bodies, which infallAly are extended be- 
h^, or endowed with extension, were not divisible 
to infinity, it wonld be likewise false that divisibility 
in infinitum is a property of extension. NoW those 
philosophers readily admit that this property belongs 
to extension, but they Insist that it cannot take place 
in extended beings. This is the same thing with 
affirming that the understanding and will are indeed 
attributes of the notion of man in general, tmt that 
they can have no place in individual men actually 
existing. 

Hence you will readily draw this conclusion : If 
divisibility in Infinitum is a property of extension in 
general, it must of necessity likewise belong to all 
individual extended beings; or if real extended 

Vol. 11.— D 
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beings are not divisible to infinity, it, is {g\ee that divi- 
sitnlity in infinitum can be a property oC extension 
in generd. 

, It is impossible to deny the one or thoother of 
these consequences without subverting tlie must 
solid principles or all knowledge ; and the philoso- 
phers who refuse to admit dtvisibility in infinitum in 
real extended beings ought as little to admit it with 
respect to extension in genefal ; but as they grant 
this last, they fall into a. glaring contradiction. 

You need not be surprised at this; it is a failing 
from which the greatest men are not exempt. But 
what is rather surprising, these philosophers, in 
order to get rid of their embarrassment, have thought 
proper to deny that body is extended. They sa^, 
that it is only an appearance of extension which is 
perceived in bodies, but that real extension by no 
means belongs to them. 

You see clearly that this is merely a wretched 
cavil, by which the principal and the most evident 
[voperty of body is denied. It is an extravagance 
aimilar to that formerly imputed to the Epicurean 
pMlosophera, v4io maintained that every thing which 
exists in the universe is material, without even ex- 
cepting the gods, whose existence they admitted. 
But as they saw that ttese corporeal gods would be 
apbjected to the greatest difficulties, they invented 
a subterfuge similar to that of our modern philoso- 
phers, alleging, that the gods had not bodies, but a* 
itieert bodies {ifuaii corpora), and that they had not , 
senses, but senses as U were; and so of all the 
members. The other philosophical secM of anti- 
quity made themselves abundantly merry with these 
qutai corpora and quasi leraus ; and they would have 
equal reason in modern times to laugh at the quasi, 
eMnmon which our philosophers ascribe to body ; 
this term ijuasi cxleniian seems perfectly well to ex-, 
press that appearance of extension, without being so 
in reality. 
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GeometriciaiiSitif they meant to confound them, 
have only to say that the objects whose divisibility 
in inGnitum they have demonstrated wer^ likewise 
only (u ii tcert extended, and that accordingly all 
bodiea extended <u it were ■were necessarily divisible 
in infinittini. But nolhiiig is to be gained with them ; 
they resolve to maintain the greatest absnrditiea 
rather than acknowledge a mistake. 

3d May, 1761. 



Of Mmuxds. 

WsBN we talk in company on philosophical sub- 
jects, the conversation usually turns on such arti- 
cles as have excited violent disputes among philoso- 
phere. 

The divisibility of body is one of them, respecting ' 
which the sentiments of the learned are greatly 
divided. Some maintain th^ this divisibility goea 
on to infinity, without the possibilityof ever arriviflg 
at particles so small as to be susceptible of no far- 
ther division. But others insist that this division 
extends only to a certain p4int, and that you may 
come at length to particles so minute that, having 
no magnitude, they are no longer divisible. These 
ultimate particles, which enter into the composi- 
tion of bodies, they denominate simple beings and 
mimadi. 

There was a time when the dispute respecting 
monads employed such general attention, and was 
conducted with so much warmth, that it forced its 
way into company of every description, that of the 
guard-room not excepted. There was scarcely a 
lady at court who did not take a decided part in fa- 
TOUTofmonadsor against them. Ina word, all con- 
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versation was engrossed by moiuda-— no other sub- 
ject could find admissioD. 

The Royal Academy of Berlin took np the con- 
troversy, and being accustomed annually to propose 
'anuestionrordiscussion.and to bestow a gold medal, 
oithe value of £lty ducats, on the person who, in 
the judgment or the Academy, has given the moat 
ingenious solution, the question respecting monads 
was selected for ihe year 1748. A ^at variety of 
essays on the subject were accordingly produced. 
"Hie president, Mr. de Maupertuis, named a com- 
mittee to examine them, under the direction of the 
late Count Dohna, great chamberlain to the queen ; 
who, being an impartial judge, examined wtth all 
imaginable attention the arguments adduced both 
ibr and against the existence of monads. Upon the 
whole, it was found that those which went to the 
establishment of their existence were so feeble and 
BO chimerical, that tbey tended to the subversion of 
bU theprincipies of human knowledge. The question 
was therefore determined in favour of the opposite 
opinion, and the prize adjudged to Mr. Jtuti, whose 
piece was deein»l the most complete refutation of 
the monad ists. 

You may easily imagine how violently this de- 
cision of the Academj'must have irritated the parti- 
sans of monads, at the head of whom stood the cele- 
brated Mr.Wotff. Hisfollowers,whowere then much 
more numerous and more formidable than at pres- 
ent, exclaimed in high terms against the partiality 
and injustice of the Academy ; and their chief had 
welLnigh proceeded to launch the thunder of a phi- 
losophical anathema against it. I do not now recol. 
lect to whom we are indebted for the care of avert- 
ing this disaster. 

As this controversy has made a great deal of noise, 

Eou will not be displeased, undoubtedly, if 1 dwell a 
ttle upon it. The whole is reduced to this simple 
question. Is body divisible to infinity ? or, in oUier 
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words, Has the divisibility of bodies any bound, or 
has it not ? I have already remarked aa to this, that 
extension, geometrically considered, is on all hands 
allftwed lo be divisible in infinitum ; because how. 
ever sm^ a magnitude may be, it is posaible to coo. 
ceive the half of it, and again the half of that half, 
and so on to infinity. 

This notion of extension is very abstract, as are 
those of all genera, such as that of man, of horse, of 
tree, &c., as far as they are not applied to an indi- 
vidual and determinate being. 'Again, it is the most 
certain "principle of all our knowledge, that whatever 
can be truly affirmed of the genua must be true of 
all the individuals comprehended under it. If there- 
fore all bodies are extended, al^ the properties be- 
longing to extension must belong to each body in 
pariicular. Now all bodies are extendi, and ex- 
tension is divisible to infinity ; therefore every body 
must be BO likewise. This is a sylloinsm of the 
best form ; and as the first proposition is indubitable, 
all that remains is to be assured that the second is 
true, that is, whether it be true or not that tiodiea 
are extended. 

The partisans of monads, in maintaining their 
opinion, are obliged to affirm that bodies are not ex- 
tended, but have only an appearance of eiitension. 
They imagine that by this they have subverted the 
argument adduced in support of the divisibility in 
infinitum. But if bodv is not extended, 1 should be 
glad to know from whence we derived the idea of 
extension ; for if body is not extended, nothing in 
the world is, as spirits are still less so. Our idea of 
extension, therefore, would be altogether imagiitary 
and chimerical. 

Geometry would accordingly be a speculation en- 
tirely useless and illusory, and never could admit of 
any application to things really existing. In effect, 
if no one thing is extended, to what purpose investi- 
gate the properties of extension ! But as geometry 
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is beyond contradiction one of the most asefnl of 
the sciences, its object cannot possibly be a mere 
chimera. 

There is a necessity then of admitting, that the 
object of geometry is at least the same apparent ex- 
tension which thoae philosophers allow to body i but 
this very object is divisible to infinity: therefore ex- 
isting beings endowed with this apparent extension 
miist necessarily be extended. 

Finally, let those philosophers turn themselves 
which way soever they will in support of their mo- 
nads, or those ullimate and minute particles divested 
of all magnitude, of which, according to them, all 
bodies are composed, they still plunge into difficul- 
ties, out of which they cannot extricate themselves. 
They are right in. laying that it is a proof of dul- 
nesa to b» incapable of relishing their subhme doc- 
trine ; it may however be remarked, that here the 
greatest stupidity is the most successful. 

etAJUoy, 1701. 



S^clvmt on DmUibHity in infimtum, and on Monads. 

In speaking of the divisibility of body, we must 
carefully dislmguish what is in our power, from 
what is possible in itself. In the first sense, it can- 
not be denied that such a division of body as we are 
cabbie of must be very limited. 

By pounding a stone we can easily reduce it to 
powder; and if it were possible lo reckon all the 
little grains which form that powder, their number 
would undoubtedly be so great, that it would be 
matter of surprise to have divided the stone into so 
many^arts. But these very grains will be almost 
indivisible with respect to us, as no instrument we 
could employ wUl be able to lay hold of them. But 
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it cannot with tnith be affirmed that they are indi- 
visible in thenwelvea. Yon have only to view them 
with a good microscope, and each will appear itself 
B considerable Btone, on which are distinguishable a 
great many points and inequalities; which demOn- 
atrates the possibility of a further division, though 
we are not in a condition to execute it. For wher- 
ever we can distinguish several punts in any object, 
it must be divisible in so many parts. 

We spteak not, therelbre, of a division practicable 
try our strength and skill, but of that which is pos- 
sible in itself, Httd which the Divine Omnipotence is 
able to accomplish. 

It is in this sense, accordingly, that philosophers 
use the word "divisibility:" bo that if tnei« were a 
stone BO hard that no force cduM break it, it might 
be without hesitation affirmed (hat it is as divisible 
in its own nature as the most brittle of the same 
mapitude. And how many bodies are there on 
which we caimot lay any bold, and of whose divisi- 
bility we can entertain not the smaUest doubt 1 No 
one doubts that the moon is a divisible body, though 
he is incapable of detaching the smallest partide 
from it : and the simple reason for its divisibility is 
. its being extended. 

Wherever we remark extension, we are under the 
necessity of acknowledging divisibility, so that di- 
visibility is an insepamble property of extension. 
But experience likewise demonstrates that the 6lvi- 
aioQ of bodies extends very far. I shall not insist 
at great length on the instance usually produced of 
a ducat : the artisan can beat it out into a leaf so 
flne as to cover a very large surface, and. the ducat 
may be divided into aa many parts as that surface is 
capable of being divided. Onr own body furnishes 
an example much more surprising. Only consider 
the delicate veins and nerves with which it is filled, 
and the fluids wljich circulate through them. The 
Bubtilty there discover^le far anrpasses imagination. 
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The smallest inaecte, such aa are scarcely visible 
to the naked eye, have all their members, and legs 
on which they walk with amazing velocity. Hence 
we see that each limb has its muHCles composed of a 
great number of fibres; that they have veins and 
nerves, and a fluid still much more subtile which 
flows through their whole extent. 

On viewing with a good microscope a single drop 
of water, it has the appearance of a sea; we see 
thousands of living creatures swimming in it, each 
of which is necessarily composed of an infinite num- 
ber of muscular and nervous fibres, whose marvel- 
lous structure ought to excite our admiration.* And 
though these creatures ma^ perhaps be the smallest 
which we are capable of discovering by the help of 
(he microscope, undoubtedly they are not the small- 
est which the Creator has produced. Animalcules 
probably exist as small relatively to them as they 
are relatively to us. And these after all are not yet 
the Binallest, but may be followed by an infinity of 
new classes, each of which contains creatures in- 
comparably smaller than those of the preceding 

We ought in this to acknowledge the omnipotence 
and infinite wisdom of the Creator, as in objects of 
the greatest magnitude. It appears to me that the 
Consideration of these minute species, each of which 
is followed by another inconceivably more minute, 
ought to make the liveliest impression on our minds, 
and inspire ue with the most sublime ideas of the 
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works of the Almighty, whose power bums no 
bounds, whether as to great objects or small. 

To imagine, that after havinj![ divided a body into 
a great number of parts, we arrive at length at par- 
ticles 80 small aa to defy all further division, is there- 
fore the indication of a very contracted mind. But 
sDpposing it possible to descend to particles so mi- 
nute as to be, in their own nature, no longer divisi- 
ble, as in the case of the supposed monads ; before 
coming to this point, we shall have a particle com- 
posed of only two monads, and this panicle will be 
of a certain magnitude or extension, otherwise it 
could not have been divisible into these two monads. 
Let us further suppose that this particle, as it has 
some extension, may be the thouaandth part of an 
inch, or still smaller if you will — for it is of no im- 
portance 1 what 1 say of the thousandth part of an 
inch m^ be said witn equal truth of every smaller 
part. 'Hiis thousandth part of an inch, then, is com- 
posed of two monads, and consequently two monads 
tonrether would be the thousandth part of an inch, 
and two thousand times nothiug a whole inch ; the 
absurdity strikes at first sight. 

The partisans of the system of monads accordingly 
shrink from the force of this argument, and are re- 
duced to a terrible nonplus when asked how many 
monads are requisite to constitute an extension. 
Two, they apprehend, would appear insufficient, 
they therefore allow that more must be necessary. 
But if two monads cannot constitute extension, as 
each of the two ba» none, neither three, nor four, 
nor any number whatever will produce it ; and this 
completely subverts the system of monads. 

fl(i Afoy, 1761. 
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Thi partisans of monads ate far from submitting 
to the arpjments adduced to eBtablish liie divisibility 
of iwdy to infinity. Without attaclcing them directly, 
tliey allege that divisibility in infinitum is a chi- 
mera of geometricianB, and tbat it is involved in con- 
tradiction. For if each body is diviaible to infinity, 
it would contain an infinite number of parts, the 
smallest tiodies as well as the greatest ; the number 
of these particles to which divisibility in infinitum 
would lead, that is to say, the moat minute of which 
bodies are composed, will then be as great in the 
smallest body as in the largest, this numlwr being 
infinite In botn ; and hence the partisans of monads 
triumph in their reasoningas invincible. For if the 
number of ultimate particles of which two bodies 
are composed is the same in both, it must follow, 

V they, that the t>odies are perfectly equal to each 






Now this goes on the supposition that the ulti- 
mate particles are all perfectly equal to each other; 
for if some were greater than Others, it would not be 
surprising tbat one of the two bodies should be much 
greater than the other. But it is absolutely neces- 
sary, say they, that the ultiMat« particles of all 
bodies should be equal to each other, as they na 
longer have any extension, and their magnitude abso- 
lutely vanishes, or becomes nothing. They even 
form a new objection, by alleging that all bodies 
would be composed of an infinite number of notbings, 
which is a stiU greater absurdity. 

1 readily admit this; but I remark, at the same 
time, that it ill becomes then) to raise such an ob- 




■raws MaMASUTB to divuibiuty. 47 

jection, seeing they maintain that all botUes are 
composed or a certain number of monads, though, 
relatively to magnitude, they are absolutely nothings : 
so thaL by their own conTession several nothings are 
capable of producing a body. They are ri^t in 
saying their monads are not nothingB, but beings 
endowed with an eicellent quality, on which the na- 
ture of the bodies which they compose is founded. 
Now, the only question here is respecting extension ; 
and as they are underthenecessity of admitting that 
the monads have none, aeveraJ nothings, according 
to them, would always be Bomethiog. 

But I shall push this argument against the system 
of monads no farther ; my object being to make a 
direct reply to the objection founded on the ultimate 
particles of bodies, raised by the mooadists in su^^ 
port of their system, by which they flatter themselves 
m the confidence of a complete victory over'the 
partisans of divisibility in innnilum. 

1 should be glad to know, in the flrst place, what 
they mean by the idtimali particia of bodies. In 
their system, according to which every body is com- 
posed of a certain number of monads, I clearly com- 
prehend that the ultimate particles of a txidy are the 
monads themselves which constitute it ; but in the . 
system of divisibiUty in infinitum, the term ultimate 
particle is absolutely unintelligible. 

They are right in saying, th:it these are the par- 
liclea at which wo arrive from the division of bodies, 
after having continued it to infinity. But this is 
just the same thing with saying, after having finished 
a division which never comes to an end. For divisi- 
bility in infinitum means nothing else but the pos- 
sibility of always carrying on the division, without 
ever arriving at the pomt where it would be neces- 
sary to slop. He who maintains divisibility in in- 
Anitum boldly denies, therefore, the existence of the 
ultimate particles of body ; and it is a manifest con- 
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tradiction to si^ipose at once ultimate particles and 
divieibility in intinituin. 

I ropiy, then, to the partisans of the (^fstem of 
monads, that their objection to the divisiMlity of 
body to infinity would be a very solid one, did that 
system admit of ultimate particles ; but being ex- 
pressly excluded Irom it, all this reasoning of course 
falls to the ground. 

It is falae, therefore, that in the system of divisi- 
bility in infinitum bodies are composed of an infinity 
of particles. However closely connected these two 
propositions may appear to the partisans of monadsi 
they manifestly contradict each oiher ; for whoever 
maintains that body is divisible in infinitum, or with- 
out end, absolutely denies the existence of ultimate 
particles, and consequently has no concern in the 
question. The term can only mean such particles as 
are no lon^r divisible— an idea totally inconsistent 
with the system of divisibility in infinitum. Thig 
formidable attack, then, is completely repelled. 

12lh May, 1761. 



LETTER XIU. 

Principle of Ike SufficienI Refuon, the strongest Support 
of the Mtmadilts, 

Yoo must be perfectly sensible that one of the two 
Bjrstems which nave tuidergone such ample discus- 
sion is necessarily true, and the other false, seeing 
they are contradictory. 

It is admitted on both sides thatlwdies are divisi- 
ble ; the only question is, Whether this divisibility 
is limited! or, Whether it may always be carried 
ftirther, without the possibility of ever arriving at 
indivisible particles ^ 

The system of monads is established in the former 
case, since after ha*ii% divided a body into indivtai- 
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ble particles, these Ten particles ue monads, and 
there would be reason for saying that all bodies are 
compOBed of them, and each of acertain determiiiata 
number Whoever denies the system of monads 
mast likewise, then, deny that the divisibility of 
bodies is limited. He is under the necessity of 
maintaining that it is always possible to carry this 
diTisibihty further, without ever being obliged to 
atop ; and this is the case of divisibility in infinitum, 
on which system we absolutely deny the existence 
of ultimate particles ; consequently the difflcnlties 
resulting from their infinite number fall to the ground 
of themselves. In denying monads, it is impossible 
to talk any lon'ger of ultimate particles, and still less 
of the number of them which enters into the com- 
position of each body. 

You must have remarked that what I have hitherto 
produced in support of the system of monads is des- 
tttuteof soUdity. Inowproceedto inform you, that 
its supporters rest their cause chiefly on the great 
principle of the tufflcifnl rtaton. which they know 

he 

aoiMUieirpurpose, and to demolish whatever makes 
against them. The great discovery made, then, is 
this. That notlang canbe withmtt a m^cient reaionr 
and to modern philosophers we stand mdebted for it. 

In order to give vou an idea of this principle, you 
have only to consider, that in every thing presented 
to you, it may always be asked, Why is it such! 
And the answer is, what they call the suffldeni rea- 
tort, supposing It really to correspond with the ques- 
tion proposed. Wherever the v>hy can take place, 
the posaibihty of a satisfactory answer is taken for 
granted, which shall, of course, contain the sufficient 
reason of the thing. 

This is very far, however, from being a mystery 
of modern discovery. Men in every nge have asked 
mAv— an incontestable proof of their conviction that 

Vol. II. -E 
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every thine mnst have a B^isfying re^on o^ its ex- 
istence. 'rhiapT'mciple,tha.tnotAtngu vnthatUacaute, 
was verv well kjiown to ancient philosophers ; but 
unhappily this cause is for the moat part concealed 
from US. To little purpose do we aek mht/ ,■ no one 
is qualilied to aaaign the reason. It is not a matter 
of doubt that every thing has its causey but a pro- 
gress IhtiB far hardly deserves the name i aod ao long 
aa it remains concealed, we have not advanced a 
single step in real knowledge. 

You may perhaps imagine that modem philoso- 
phersi who make such a boast of the principle of & 
sufficient reason, have actually discovered that of ali 
tbingi, and are in a condition to answer every uAy 
that can be proposed to them ; which would un- 
doubtedly be the very summit of human knowledge ; 
but in this respect they are just as ignorant as their 
neighbours 1 their whtue merit amounts to no more 
than a pretension to have demonstrated, that wher- 
ever it is possible tb ask the question why, there 
must be a satisfactory answer to it, though concealc4 
from us. 

They readily admit that the SDcients had a know- 
■edge of this principle, but a knowledge very ob- ' 
Bcure ; whereas they pretend to have placed it in its 
clearest light, and to have demonstrated the truth of 
it; and therefore it is that they know how to turn it 
most to their account, and that this principle puts 
them in a condition to pnrve that bodies, are com-: 
posed of monads. 

Bodies, say they, must have their sufficient reason 
somewhere ; but if they were divisible to infinity, 
such reason could not takeplaCe; and hence they 
conclude, with an air altogether philosophical, that 
at every thing must have. iU sufficifni reaion, it it 
ah.\oluiely necesiary that ail bodies ahouid be composed 
of numadt-— which was to be demonstrated. Inis, I 
must admit, is a demonstration not to be resisted. 

It were greatly to be Wished that a reasoning bq 
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■Ught could elucidate to ua questions of this import- 
' ance ; but 1 frank^ confess 1 comprehend nothing' 
of tiie matter. They talk of the sufficient reason 
of bodies, by which they mean to reply to a certain 
vherefore, which remains unezptained. But it would 
be' proper, undoubtedly, clearly to understand and 
carefully to examine a question, before a reply is 
attempted : in the present case, the answer is given 
before the question is formed. 

Is it asked, Why do bodies eiiat % It would be 
ridiculous, in my opinion, to reply, Because they are 
composed of monads ; as if they contained the cause 
of that existence. Monads hare not created bodiesi 
and when I ask. Why such a being exists 1 I see no 
other reason that can be given but this, Because the 
Creator has given it existence ; and as to the man- 
ner in which creation is performed, philosophers, I 
think, would do well hon^tly to acknowledge their 
ignorance . 

' But tbey maintain, that God could not have pro- 
duced bodies without having created monads, which 
were necessary to form the composition of them. 
This manifestly supposes that bodies are composed 
of monads, the point which they meant to prove by 



truth of a proposition which you are bound to prove 
W reasoning. It is a sophism known in logic by 
the name of a peUtia pritidpa, or begging the ques- 
tion. 

Wh May, 1761. 
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LETTER XIV. 



Another Argtmml of fhe MonaduU, derived from tiu 
Priiu^pU of the SaffidetU Betuon. Absurdiliet r«- 
nitingfrom it. 

Tbk partisane of monads likewise derive iheir 
grand argument from the principle of the sufficient 
reasoq, by alleging that they could not even com- 
prehend the possibilitj of bodies, if they were divisi- 
ble to inlinitv, as there woold be nothing in them 
capable of checking imagination; they must have 
ultimate particles or elements, the composition of 
which must serve to explain the composition of 

But do they pretend to vnderstand the. possibility 
of all the things which exist < This would savour 
too much of priae ; nothing is more common among 
philosophers than this kind of reasoning — I caimot 
comprehend the possibility of this, unless it is such 
as I imagine it to be ; therefore it necessarily must 

You clearly comprehend th^ frivolousness of aocli 
reasoning ; and that in order to arrive at tnitb, re- 
search much more profound must be employed. Ig- 
norance can never become an argument to conduct 
ns to the knowledge of truth, and the one in auestioa 
is evidently founded on ignorance of the aiffereat 
manners which may render the thing possible. 

But on the supposition that nothing exists but that 
whose, possibility they are able to comprehend, is it 
possible for Uiem to explain how Iwdies .would be 
composed of monads ? Monads, having no exten- 
sion, must be consMered as points in geome^, or 
as we represent to ourselves spirits and souls, Nov 
it is well known that many geometrical points, 1st 
the number be supposed ever so great, never cafi 
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e B line, and consequently still less ^ soiface, 
or a body. If a thousand pointe were sufficient to 
constitute the thousandth part of an inch, each of 
these must necessarily have an extension, which 
taken a thouBtud times would become equal to the 
thousandth part of an inch. Finally, it is an incon- 
testable truth, that take any number of points you 
will, they can never produce extension. I speak here 
of points such as we conceive in geometry, without 
any length, breadth, or thickness, and which in that 
respect are absolutely nothing. 

Our philosophers accordingly admit that no ex- 
tension can be produced by geometrical points, and 
they solemnly protest that tneir monads ought not 
to be confounded with these points. They have no 
more extension than points, say they ; but they are 
invested with admirable qualities, such as represent- 
ing to them the whole universe by ideas, though ex- 
tremely obscure; and these qualilies render them 
proper to produce the phenomenon of extension, or 
rather that apparent extension which I formerly 
mentioned. The same idea, then, ought to be 
formed of monads as of spirits and souls, with this 
difference, that the faculties of monads are much 
more imperfect. 

The difficulty appears to me by this greatly in- 
creased ; and I flatter myself you will be of my 
opinion that two or more spirits cannot possibly be 
joined so as to form eitenaion. Several spirits may 
very well form an assembly or a council, but never 
an extension ; abstraction made of the body of each 
couQseUor, which contributes nothing to the delibe- ' 
ration going forward, for this is the production of 
spirits only ; a council is nothing else but an assem- 
bly of spirits or souls : but couU such an assembly 
represent an extension 1 Hence it follows that 
monads are still less proper to produce extension 
than geometrical points are. 

The partisans of the system, accordingly, are not 
ES 
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agreed aa to this point. Some allege, that n 
are actual parts of bodies; and that after having 
divided a boo; aa far as possible, you then ajrive at 
the monads Srhich constitute it 

Other* absolutely deny that monads can be con- 
sidered as constituent parts of bodies; Bccordinir'to 
them, they contain only the sufficient reason : i^il* 
the body is in motion, the monads do not stir, but 
they contain the sufficient reason of motion. Finallyt 
they rarmot touch each other; thos, when my hand 
touches a body, no one monad of my hand touches 
a monad of the body. 

What is it then, you will ask, that touches in this 
case, if it is not the monads which compose the hand 
and the body < The answer raust be, that two no- 
things touch each other, or rather it must be denied 
that there is a real contact. It is a mere illusion, 
destitute of all fomidation. Thev are under the ne- 
ceseity of affirming the same thing of all bodies, 
which, according to these philosophers, are only 
phantoms formed by the imagination, representiug 
to itself very confusedly the monads which contain 
the sufficient reaaon of all that we denominate body. 

In tiiis philosophy every thing is spirit, phantom, 
and illuaion ; and when we cannot comprehend these 
mysteries, it is our stupidity that keeps up an attach- 
ment to the groas notions of the vulgar. 

The greatest singularity in ihe case is, that thes« 
philosophers, with a design to investigate and explain 
the nature of bodies and of extension, ate at last re- 
duced to deny their existence. This is undoubtedly 
the surest way to succeed in explaining the phe- 
nomena of nature ; you have only to deny them, and 
to allegB ip proof the principle of the sufficient rea- 
son. Into such extravagances will philosophers rwi 
rather than acknowledge their ignorance. 

I9tk May, 1T6I. 
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StJUclien* on fAe SfMtem of Mmadt. 

It wonkl be & great pit;, however, that this ing«- 
nimis ST^tem of monads should cmmble into ruins. 
It has made too much noise, it has cost its partisans 
too many sublime and profound speculations, to be 
permitted to sink into total obhvion. It will ever 
remain a striking flionuraent of the extravagance 
into which the spirit of philosophizing may run. It 
is well worth while, then, to present you with a more 
particular account of it. 

It is necessary, tttX of all, to banish from the mind 
erery thing corporeal — all extension, all motion, all 
time and space-^for all these are mere illusion. 
Nothing exists in the world but monads, the number 
of which undoubtedly is prodigious. No one monad 
is to be found in connexion with others; and it is 
demonstrated by the principle of the sufficient rea- 
son that monads can in no manner whatever act 
upon each other. They are indeed invested with 
powers, but these are exerted only within themselves, 
without having the least hifluence externally. 

These powers, with which each monad Is endowed, 
have a tendency only to be continually changing, 
their own state, and consist in the representation of, 
all other monads. My soul, for example, is a mo- 
nad, and contains in itself ideas of the state of all 
other monads. These ideas are for the most part 
very obscure ; bnt the powers of my soul are con- 
tinually employed .in their further elucidation, and 
in carrying them to a higher degree of clearness. 
Other monads have, in this respect, a sufficient re- 
semblance to my soul ; each is replete with a pro- 
digious quantity of obscure ideas of all other monads, 
and of tneir state ; and Uiey are continually exerting 
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ihemselves with more or less success in unfolding 
these ideas, and in carrying them to a higher degree 
of clearness. 

Such monads as have succeeded better than I have 
done are spirits more perfect ; but the neater part 
still remain in a slate of stagnation, in the greatest 
obscurity of their ideas ; and when they are the ob- 
ject of the ideas of my soul, they produce in it the. 
illusory and chimerical idea of extension and of 
body. Aa ollen aa my soul thinks of bodies and of 
motion, this proves tnat a great quantity of other 
monads are still buried in their obscuritv; it is like- 
wise when I think of them that my soul terms within 
itself the idea of some extension, which is conse- 
quently nothing but mere illusion. 

The more monads there are plunged in the abyss 
of the obscurity of their ideas, the more is my soul 
dazzled with the idea of extension ; but when they 
come to clear up their obscure ideas, eitenaion seems 
to me to diminish, and this produces in my soul the 
illusory idea of motion. 

You will ask, no doubt, how my soul perceives 
thatother monads succeed in developing their obscure 
ideas, seeing there is no connexion between them 
and me. The partisans of the system of monads 
are ready with this reply, that it takes place conTorm- 
ably to the perfect harmony which the Creator (who 
is nimself only a monad) nas established between 
monads, by which each perceives in itself, as iu a 
mirror, every development produced in others, with- 
out any manner of connexion between ihero. 

It is to be hoped, then, that all monads may at 
length become so happy as lo clear up their obscure 
ideas, and then we should lose all ideas of body and 
of motion; and the illusion, arisiiig merely from the 
obscurity of ideas, would entirely cease. 

But there is little appearance of the arrival of this 
blessed atate ; most monads, after having acquired 
the capacity of clearing up their obscure ideas, sud> 
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denlf relapM. When shut up in raj^ cbamber, I 
perceive JojBeU but of small exteneion, because 
MTenl monads have then unfolded their ideas ; but as 
soon as I walk abroad, and contemplate the vast ex- 
panse of heaven, they must all have relapsed into 
their it&te ofdulness. 

There is no chanf^e of place or of motion) all 
that is illusion merely: my soul remains almost 
alwa]rB in the same place, just as all other monads. 
But when it begins to unfold some ideas which 
before were but very obscure, it appears to me then 
that 1 am aj^iraaching the object which they repre- 
sent to me, or rather that which the monads of snch 
idea e:(cite in me ; and this is the real explanation 
of the phenomenon, when it appears to us that we 
are apiwosching to certain objects. 

It umens but too frequently that the elucida- 
tiiHiB we nad acquired are again lost ; then it appears 
to OS that we are removing from the same object. 
i_j i._- — -.~t 1qq1[ fof ^^^^ (f„Q solution of our 



It 1 have but T , 

a distance 

from Hagdebiti^.' Last year these same ide^ sud- 
denly became clear, and then I imapned T was 
travellinff to Mudeburg, and that I remained there 
several Sava. Ttua journey, however, was an illu- 
sion merely, for my soul never stirs from its jrface. 
It is likewise an illusion when you imagine yourself 
absent from BerUn, because the confused repre- 
sentation of certain monads excites an obscure idea 
of Beilin, which you have only to clear up, and that 
inatant you are at Berlin. Nothing more is neces- 
sary. What we call journeys, and on which wo 
expend so much money, is mere illusion. Such is 
the real plan of the system of monads. 

You will ask, Is it possible there ever should have 
beeo persons of good sense who seriously maintained 




5S RBFLBOTIONS ON THE 

tlwse extravagances ! I reply, there have been but 
too many, that I know Beveral of them, that there 
are aome at Berlin, nay, perhaps at Magdeburg. 
S3d May, ITei. 

LETTER XVI. 



The 8;^stem of monads, such as 1 have been de< 
scribing it, is a necessary consequence from the 

KincipTe that bodies are compounded of simple 
ings. The moment this principle is admitted, 
you are obliged to acknowleoge the justoeas of all 
the other conseqnences, which res^t from it so 
naturally that it is impossible to reject any one, 
however absurd and contradictory. 

First, these simple beings, which must enter into 
the composition of bodies, being monads which hava 
no extension, neither can their compounds, that is 
bodies, have any ; and all these extensions become 
illusion and chimera, it beij^ certain that parta des- 
titute of extension are incapable of producing s real 
extension ; it can be at most an appearance or a 
phantom, which dazzles by a fallacious idea of exten> 
sion. In a word, every thing becomes illusion; and 
upon this is founded the system of pre-estabbshod 
harmony, the difficulties of which I have already 
pointed out. 

It is necessary then Xo take care that we be not 
entangled in this labyrinth of absurdities. If you 
make a single false step over the threshold, you are 
involved beyond the power of escaping. Every 
thing depends on the flret ideas formed of extension: 
and the manner in which the partisansof the system 
of monads endeavour to estahUsh it is extremely 
seductive. 

These philosophers do not like to speak of the ex- 
tension f^f bodies, because they clearly foresee that 
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b must become fatal to them in tlie aeqnel; but 
instead or enying that bodies are exleixfed, (hey 
denomiaate them compouod beings, which no one 
can deny, as extension necessarily supposes divisi- 
bility, and consequently a combination of parts which 
constitute bodies. But they presently m^e a wrong 
use of this nation of a compound being. For, say 
they, a being- can be compounded only so far hs it is 
made up of simple beings ; and hence they conclode 
that every body is compounded of simple beinga. 
As soon as you g;rant them this conclusion, you are 
caaght beyond the power of retreating; for you are 
under the necessity of admitting that these simple 
beings, not being compounded, are not extended. 

This captious argument is exceedingly seductive. 
If you permit yourself to be dazzled with it, they 
have gained, their point. Only admit this proposi- 
tion, bodies are compounded of simple beings, that 
is, of parts which have no extension, and you are 
entangled. With all your might, then, resist this 
assertion — every compound being is made up of simple 
beings ; and though you may not be able directly to 
prove the fallacy, the absurd consequences which 
immediately result would be sufficient to over- 
throw it. 

In effect, they admit that bodiee are extended; 
from this point the partisans of the system of mo- 
nads set out to estahliah the proposition that they 
are compound beings ; and having hence deduced 
that bodies are compounded of simple beings, they 
are obliged to allow that simple beings are incapable 
of producing real extension, and consequently that 
the extension of bodies is mere illusion. 

An argument whose conclusion is a direct con- 
tradiction of the premises is singularly strange: 
this reasoning sets out with advancing that txxUea 
are extended ; for if they were not, how could it be 
known that they are compound beings — and then 
comes the conclusion that they are not so. Never 
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was a fallaciooa argument, in mv opinion, more ctmi* 
pletety refuted than thia haa been. The queetion 
waa, Why are bodUw exUtidedt And, after a little 
tuTTung and winding, it is answered, Beanue they 
are not sa. Were 1 to be aaked. Why has a triande 
three sides 1 and 1 should reply that it is a mere illn- 
sion — would such a reply be deemed satisfactory t 

It is therefore certain that this proposition, 
"Every compound being is necessaril}^ made up of 
simple beings," leads to a false conclusion, however 
wed founded it may appear to the partisans of 
monads, who even pretend to rank it among the 
axioms or first principles of human knowledge. 
The absurdity in which it immediately iesnes is raf- 
£cient to overturn it, were there no other reasonB 
for calling it in question. 

Bnt as a compound being here means the same 
thing as an extended being, il is just ss if it were 
affirmed, "Every extended Deing is compounded of 
beingB which are nQt so." And this is precisely Oie 
question. It ia asked. Wliether on dividing a body 
you arrive at length at psrts unauaceptible of any 
further division, for want of extension ; or, Wletber 
vou never arrive at particles such as that the divisH 
bility should be unbounded 1 

In order to detetmine this important question, for 
the sake of ailment let it be supposed that every 
body is compounded of parts without extension- 
Certain specious reasonings may easily be employed, 
drawn from the noted principle of the sulficient rea- 
son ; and it will be said that a compound being can 
have its sufficient reason only in the simple Mings 
which compose it ; which might be true if the com- 
ponnd being were in fact made up of simple beings, 
the very point in question ; and whenever thia com- 
position is denied, the sufficient reason becomes 
totally inapplicable. 

Bui it is dangerous to enter the lists with personB 
who believe in monads i for, besides that there is 
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DotUng to be eained, they loudly exclaim that you 
are attacking toe principle or the sufficient reason, 
which is the basis of alt certainty, even of the ex- 
istence at God. According to them, whoever refuses 
to admit monads, and rejects the magniRceDt fabric, 
m which every thing is illusion, is an inMel and an 
atheist. Sure I am that such a frivolous imputation 



will not make the slightest impreaaion on.your mind, 
' t that vou will perceive the wild ciXravagances 
which men are driven when they embrace the 



system of monads — a system too absurd U 
refutation in detail ; their foundation being absolutely 
reduced to a wretdied abuse of the principle of the 
sufficient reason. 
!«WA May, 1761. 

LETTER XVII. 
Condutum of BefUctiom on this Syilem. 

Wk are under the necessity of acknowledging fha 
divisibility of bodies in infinitum, or of admitting the 
system of monads, with all the eitravagances result- 
ing from it ; there is no other choice — an alternative 
which supplies the partisans of that system with 
another formidable armiraent in support of it. 

They pretend, that oy divisibility in infinitum we 
are obliged to ascribe to bodies an infinite quality, 
whereas it is certain that God alone is infinite. 

The partisans of the system of monads are very 
dangerous persons ; they accused us of atheism, and 
now they charge us with polytheism, alleging that 
WB ascribe to all bodies infinite perfections. Thus 
we should be much worse than pagans, who only 
worship certain idols, whereas we are accused of 
paying homage to all bodies, as so many divinities. 
A dreadful imputation, no doubt, were it well 
foundod; and I should certainly prefer embracing 

Vol. II.— F 
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the eystem of mooads, with all the chimeras and 
illusions which flow from it, to a declaration in favour 
of divisibililyin infinitum, if il involved aconcluuaii 
so impioua. 

You will allow, that to reproach one's adversaries 
with atheism or idolatry is a very strange mode of 
arguing; but where do they find ub ascribing to 
bodies this divine infinity 1 Are they infinitely 
powerful, wise, good, or ha^qjyl By no means: 
we only affirm, that on dividing bodies, though Uie 
division be carried on ever so far, it will always be 
possible to continue it further, and that you never 
can arrive at indivisible particles. It may accord- 
ingly be affirmed, that the divisibility of bodies is 
without limilt; and it is improper to use the term 
infinity, which is appUcable to God alone. 

I must remark at the same time, that the word 
" infinity" is not so dangerous as these philosophers 
insinuate. In saying, for example, infimtely wicked, 
nothing is more remote Irom the perfections of 
God. 

They admit that our souls will never have an end, 
and thus acknowledge an infinity in the duration of 
the soul, without marking the least disrespect to 
the infinite .perfections of God. Again, when you 
ask them if the extent of the universe is bounded, 
are they very indecisive in their answer ! Some of 
them very frankly allow that the extent of the uni- 
verse may very probably be infinite without our 
being able, however far our ideas are carried, to 
determine its Hmits. Here then is one infinity 
more which they do not deem heretical. 

For a atill stronger reason, divisibility tn infinitum 
ought not to give them the least olfence. To be 
divisible to infinity is not surely an attribute which 
anyonecouldeverthinkof ascribing to the Supreme 
Being, and does not confer on bodies a degree of 
perfection which would not be far from that which 
tiiese philosophers allow them in compoundinf 
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them of monads, wTiicli on their system are beings 
endow^ with qualities so eminent that they do not 
hesitate to give to God himself the denomination of 
monad. 

In truth, the idea of a division which may be con- 
tinued withoat any bounds contains so little of the 
character of the Deity that it rather places bodies 
in a rank far inferior to that which spirits and our 
souls occupy ; for it may well be affirmed that a 
soul in its essence is innnitely more valuable than 
all the bodies in the world. But on the system of 
monads, every body, even the vilest, is compounded' 
of a vast number of monads, whose nature has a 
great resemblance to that of our souls. Each monad 
represents to itself the whole world as easily as onr 
BOuis : but, say they, their ideas of it are very ob- 
scure, though we have already clear, and sometimes 
also distinct ideas of it. 

But what assurance have they of this difference 1 
Is it not to be apprehended that the monad? which 
compose the pen wherewith I am writing may have 
ideas of the universe much clesrer than those of 
my soul ! How can I be assured of the contrary ! 
I ought to be ashamed to emplov a pen in conveying 
my feeble conceptions, while the monads of which 
it consists possibly conceive much more sublimely; 
and you might have ^eater reason to be satisfied, 
shouid the gen commit its own thoughts to paper in- 
stead of mme. 

In the system of monads that is not necessary; 
the soul represents to itself beforehand, by its in- 
herent powers, all the ideas of my pen, but in a very 
obscure manner. What I am now taking the Uber^ 
to suggest contributes absolutely nothing to your 
information. The partisans of this system have de- 
monstrated that simple beings cannot exercise the 
slightest influence on each other ; and your own soul 
denvBS from itself what I have been eudeavoDring 
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to convey, without my having any concern in ths 
matter. 

Conversation, reading, and writing, therefoTe, are 
merely chimerical and deceptive formalities, which 
iUusioQ would impose lipon us aa the means of ac- 
quiring and extending knowledge. But 1 have already 
had the honour of pointing out to you the wonderful 
consequences resulting from the system of the pre- 
eatabhshed harmony ; and I am apprehensive that 
these reveries may have become too severe a trial 
of your patience, though many persons of superior 
illumination consider this system as the most sub- 
lime production of human understanding, and are 
incapable of mentioning it but with the roost pro- 
found respect.* 

30iA May, 1761. 
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LETTER XVUI. 

Ehieidation respecting the Nature of Colmtri. 

I AM nndeT the necessity of acknowledging, that 
the ideaa respecting coluur which 1 hav« already 
taken the liberty to sugReat* come far short of that 
degree of erideace to which I could have wished to 
cany them. This subject has hitherto prOTed a 
stumbling-Uock to philosophers, andl must not flatter 
' myself with the belief that I am able to clear it of 
every difficirity. I hope, at the same time, that the 
elucidations which I am going to submit to your 
examination may go far lowutls removing a con- 
siderable part of them. 

The ancient philosophers ranked colours among 
the bodies of which we know only the names. When 
tbey were asked, for example, why such a body was 
red, they answered, it was in virtue of aquahty which 
niade it appear red. Vou must be sensible that such 
on answer coaveys no information, and that it would 
have been quite as much to the purpose to confess 
ignorance. 

Deicartei, who Rrst had the courage to plunge into 
the mysteries of nature, ascribes colours to a certain 
mixture of light and shade, which last, being nothing 
else but a want of light, as it is always found where 
the light does not penetrate, must be incapable of 
producing the dilTerent colours we observe. 

Having remariied that the sensations of (he OTgan 
of sight are produced by the rays which strike tnat 
organ, it necessarily follows that those which excite 
in it the sensation of red must be of quite a different 
nature from those which produce the sensation of 
the other colours ; hence it is easily comprehended 

• Sm LMUn XXVn., XXVm.. (Vl XXZI., In nd. 1. 
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that each colour is attached to a certain quality of 
the rays which strike the organ of vision. A body 
appears to us red when the txya which it emits an 
of a nature to excite in our eyes the sensation of 
thatrolour. 

The whole, then, results in an inquiry into the 
difference of the tays which variety of colours pro- 
duces. 'This difference must be great to produce so 
many particular sensations in our eyes. But wherein 
can it consist ! This is the great question, towards 
the solution of which our present research is directed. 

The first difference between rays which presents 
itself is that some are stronfer than others. It can- 
not be doubted that those of the sun, or of any other 
body very brilliant, or very powerfully illuminated, 
must be much stronger than those of a body feebly 
illuminated, or endowed with a slender degree of 
Ught ; our eyes are assuredly stnick in arery differ- 
ent manner by the one and by the other. 

Hence it might be inferred, that different colours 
result from ^e force of the rays of Ught ; so that the 



gression, green, and blue. 

But there is nothing more easy than to overturn 
this system, as we know from experience that the 
same body always appears to be of the same colour, 
be it less or more illuminated, Or whether its rays 
be strong or feeble. A red body, for example, ap- 
pears equally red, exposed to the brightest lustre of 
the sun, and in the shade, where the rays are ex< 
tremely faint. We must not, then, look for the 
cause of the difference of colour in the different de- 
grees of the force of rays of light, it being possible 
to represent the same colour as well by very forcible 
as by very faint rays. The feeblest ^nunerinr 
serves equally well to discover to us difference of 
colours, as thabrightest effulgence. 

It is absolutely necessary, therefore, that ttient 
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should be anothcT diflerente of raye discovered, 
which may characterize their nature relatively to 
the dilferent colours. Vou will undoubtedly con- 
clude, that in order to discover this difTerence we 
niust be better acquainted with the nature of lumi- 
nous rays ; in other words, we must know what it is 
that, reaching our eyes, renders bodies visible ; this 
definition of a ray must be the justest, aswi effect it 
ia nothing else but that which enters into the eye by 
the pupil, and excites the sensation in it. . 

I Dave already informed you that there are only 
two systems or theories which pretend to explain 
tbe origin and nature of rays of light. The one is 
that of Netcton, who consiaers them as emanations 
prdc'eet&ng from the sun and other luminous bodies ; 
ftnd the other that which I haTe endeavoured to 
demonstrate, and of which I have the reputation of 
being the author, though others have had nearly the 
same ideas of it. Perhaps I may have succeeded 
better than they in carr3ring it to a higher degree 
of evidence. It will be of importance, then, to show, 
in both systems, on what principle tbe difference of 
COloQTS may be established. 

In that of emanation, which supposes the rays to 
issue from luminous bodies, in the form of rivers, or 
rather of fountains, spouting out a fluid in all direc- 
tions, it is alleged that the particles of light differ in 
size or in substance, as a fountain might emit wine, 
oil, and other liquids ; so that the different colours 
are occasioned by the diversity of the subtile matter 
which emanates from loniinous bodies. Red would 
be, accordingly, a subtile matter issuing from thfl 
luminous body, and so of yellow and the <)^er 
colours. This explanation would exhibit clearly 
enough the origin of the different colours, if the ay»- 
t«m itself had a solid foundation. I shall enter into 
the subject more at large in my next Letter. 

id June, 1761. 
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LETTER XIX. 
JUJUelioni on the Analogy httioeen Colouna and Smtadt. 

YoD wUl be pleased to recoUect the objections I 
offered to the system of the emanation of liehl.* . 
lliey appear to me so powerful as completely to 
overturn that system. I have accordingly succeeded 
' in my endeavours to convince certain natural phi- 
losophers of distinction, and they have embraced ray 
sentiments of the subject with expressions of hin^- 
Ibi satisfaction. - - 

Rays of light, then, are not an emanation ihAu 
the sun and other luminous bodies, and do not con- 
sist of a subtile matter emitted forcil^ by the sun, 
and transmitted to us with a rapidity whichmay well 
flu you with astonishment. If the rays employed 
•nly eight minutes in their course from the sun to 
iu, the torrent would be terrible,! wl ^''^ "i^^ of 
that luminary, however vast, must speedily be ex- 
hausted. 

According to my system, the rays of the eon, of 
which we have a sensible perception, do not proceed 
immediately from that luminary ; they are only par- 
ticles of eUier floating around us, to which the sun 
communicates nearer and nearer a motion of vibra- 
tion, and consequently they do not greatly change 
their place in this motion. 

, This propagatiiHi of light is performed m a mamier 
Similar to that of sound. A bell, whose sound you 
faea^ by no means emits the particles which enter 
yoor ears. You have only to touch it when struck 
to be assured that all its parts are in a very sensible 

H iitiiKUimtii* m uw 
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agitation. This agitation immediately communicatea 
itself to the more remote particles of air, so that all 
receire from it successively a similar motion of Ti- 
bratiron, «ibich, reaching the ear, excite in it the sen- 
eatiou oCi sound. The strings of a musical instru- 
ment put the matter beyo&d all doubt ; you see them 
tremble, go and come. . It is even possible to deier- 
termine by calculation how often in a second each 
strine vibrates', and this agitation, being commimi- 
cated to the particles of air adjacent to the organ 
of hearing, the ear is struck by it precisely as onea 
in a second. It is the perception of this tremuloua 
agi^fion which constitutes the nature of sound. 
"n^ greater the number of vibrations produced by 
the String in a second, the higher or sharper is 
the sound. Vibrations less frequent produce lower 

We find the circumstances which accompany the 
sensation ofhearing, in a manner perfectly analogous, 
in that of sight. 

The medium only and the rapidity of the vibra- 
tions differ. In sound, it is the air through which 
the vibrations of sonorous bodies are transmitted. 
But with respect to light, it is the ethe?, or that me- 
dium incomparably moresubtile and more elastic 
than air, which is universally diffused wherever the 
air ami grosser bodies leave interstices. 

As often, then, as this ether is put into a state of 
vibration, and is transmitted to tne eye, it excites 
in it the sentiment of vision, which is in that case 
nothing but a similar tremultxis motion, whereby 
the small nervous fibres at the bottom of the eye 
are agitated. 

You easily comprehend that the sensation must 
be different, according as this tremulous agitattoh is 
more or less frequent ; or according as the number 
of vibrations performed in a second is greater or 
less. Hence there must result a difference similar 
to that which takes place in sounds, whcu the vibra- 
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tions are more or lesa frequent. This difference !b 
cleajlr perceptible by the ear, aa the character of 
BOunde in respect of flat and sharp depends on it. 
You will recollect that the note marked'C in the 
harpsichord performs about 100 vibrations in a sec- 
ond note D 113, note E1S5, note F133, note G 160, 
note A 166, note B 197, and 200. Thus the nature 
of HOunds depends on the number of vibrations per- 
formed in a second. 

It cannot be doubted that the sense of seeing- may 
be likewise diflerently aifected, according as the 
number of vibrations of the nervous fibres of the 
bottom of the eye is greater or less. When ttieae 
fibres vibrate 1000 times in a second, the sensation 
must be quite different from what it would be did 
ther vibrate 1300 or 1500 times in the same space. 

True it is that the organ of vision is not in a con- 
dition to reckon numbers so ^eat, still less than the 
ear is to reckon the vitirationa which constitute 
sound ; but it is always in our power to distinguish 
between the greater and the less. 

In this difference, therefore, we mu^t look for the 
cause of difference of colour; and it is certain that 
each of them corresponds to a certain number of 
▼ibrations, by which the fibres of our eyes are struck 
in a second, though we are not as yet in a condition 
to determine the number corresponding to each par- 
ticular colour, as we can do with respect to sounds. 

Much research must have been employed before 
It was possible to ascertain the numbers correspond- 
ing to all the notes of the harpsichord, though there 
was an antecedent conviction that their difference 
was founded onthe diversity of those numbers. Our 
knowledge respecting these objects is nevertheless 
cMsiderably advanced, from our being' assured that 
there prevails a harmony so delightful between the 
different notes of the harpsichord and the different 
colours ; and that the circumstances of tiie one serra 
IM elucidate those of the other. This analogy bo> 
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cordingly furnishes the most convincuig proofs in 
support of my system. But I have reasons still 
more solid to adduce, which will secure it from erery 
attach. 



CoTttirtualion. 

NoTHiNo is more adapted to the communication 
of knowledge respecting the nature of vision than 
the analogy discoverable, almost in every particidar,. 
between it and the hearing. Colours are to the eye 
what sounds are to the ear. They differ from each 
other as Rat and sharp notes differ. Now we know 
that flat and sharp in souniia depends on the number 
of vibrations whereby the organ of hearing is struck 
in a given time, and that the nature of each is deter- 
mined by a certain number, which marks, the vibra- 
tions performed in a second. From this I conclude 
that each colour is likewise restricted to a number 
of vibrations which act on vision ; with this differ- 
ence, that the vibrations which produce sound reside 
in gross air, whereas those of light and colours are 
transmitted through a medium incomparably more 
subtile and elastic. The same thing holds as to the 
objects of both senses. Those of hearing are all 
of them bodies adapted to the transmission of sound, 
that is, susceptible of a motion of vibration, or of a 
tremulous agitation, which, communicating itself to 
the air, excites in the or^n the sensation of asound 
(K)rreBponding to the rapidity of the vibrations. 

Such are aU musical instruments ; and to confiic 
myself principally to the harpsichord, we ascribe to 
each strir^ u certain sound which it produces when 
stmck. TTius, one string is named C, another D, 
and so (u. A string is named C when its structui* 
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and tension are such that, being struck, jt produces 
about 100 vibrations in a second ; and if it produced 
leas or more in the same time, it would have the 
name of a different note, higher or lower. 

>'ou ^fill please to recollect that the sound of a 
st^ng depends on three things — its length, its thick- 
ness, ana the degree of tension ; the more it is 
stretched the sharper its sound becomes; and aa 
long as it preserves the same disposition, it emits 
the same sound ; but tbst changes as soon as the 
other undergoes any variation. 

Let us apply this to bodies which are the objects 
of vision. TTie minuter particles which compose 
* the tisstie of their surface may be considered as 
strings distended, in as much as they are endowed 
with a certain degree of elasticity and bulk, so that, 
being stmck, they acquire a motion of vibration, of 
which they will finish a certain number in a second; 
and on this number depends the colour which we 
ascribe to such body. It is red when the jiarticles 
of its surface have such a degree of tension that, 
being agitated, they perform precisely so many vi- 
brations in a second as are necessary to excite m us 
the sensation of that colour. A degree of tension 
which would produce vibrations more or less rapid 
would excite that of a different colour, and tflen the 
body would be yellow, green, or blue, &c. 

We have not as yet acquired the ability of assi^ 
ing to each colour the number of vibrations which 
constitute its essence ; wt do not so much as know' 
which are the colours that require a greater or less 
rapidity of vibration, or rather, it is not yet deter- 
mined what colours correspond with high or low 
notes. It is sufficient to know that each colour is 
attached to a certain number of vibrations, though it 
has not hitherto been ascertained ; and that you have 
only to change the tension of elasticity of the par- 
ticles which form the surface of a body, to iQake it 
Miange colour. 
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We see that the most beautiful colours in flowen 
quickly change and disappear, from a faiture of the 
nutritive juices ; and because their particles lose 
their vigour or their tensioo. This, too, is observa- 
ble in every other change of colour. 

To place this in a clearer light, let us suppose that 
the sensation of red requires such a rapodity of vibra- 
tion, that IDOO are performed in a second : that 
orange requires 1125, yellow 1350, grcea 1333, blue 
1500, and violet 1606. Though these numbers are 
only supposed, this does not alTect the object I have 
in view. What I say a.i to these numbers will apply 
in like manner tc the really corresponding numbers, 
if ever they are discovered. 

A body, then, will be red when Uie particles of its 
surface, put in vibration, complete 1000 in a second i 
another body will be orange when disposed so as to 
complete 1135 in a sccoiid, and so on. Hence it is 
obvious that there must be an endless variety of in- 
termediate colours between the six princi|)al which 
I have mentioned \ and it is likewise evident, if the 
particles of a body, being agitated, should perform 
1400 vibrations in a second, it would be of an inter- 
mediatu colour between green and blue; green cor- 
rupo.iding to number 1333, and blue to 1500. 

9th June, nai. 



LETTER XXI. 
Ifow Opaqtte Boditt are rendered riiiiie. 

YoD will find no difficulty in the definition I 
have been giving of ci)toured bodies. The particles 
of their surface are always endowed with a certain 
denee of elasticity, which renders them suscep- 
tible of a motion of vibration, as a string is always 
susceptible of a certain sound ; snd it is the number 
at vibntione which these particlea are ctpible«l 

Voi_ II.— G 
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making in a second wluch determines the apeci«s 
of colour. 

ir the particles Qf the surface have not elaetidty 
sufficient to admit of such agitation, the body must 
be black, thia colour being nothing else but a depri- 
valioo of light, and all todies from which no rays 
are irHnsmitted to our eyes appearing black. 

I now come to a TBfy important question, ' re- 
specting which some doubts may be entertained. It 
may be asked, What is the cause of the motion of 
ribration which constitoteB the caloura of bodies T 

Into the discovery of thia, indeed, the whole is 
resolved ; for as soon as the particles of bodies shalt 
be put in motion, the ether oilfiiBed throagh the air 
will immediately receive a similar agitation, which, 
continued to our ejres, constitutes there that which 
we call roy», from which vision proceeds. 

1 remark, first, that the particles of bodies are not 
put in motion by an internal, but an external power. 
Just as a string distended would remain for ever at 
rest, were it not put in motion, by some external 
force. Such is the case of all bodies in the dark; 
for, as we see them not, it is a certain proof that 
they emit no rays, and that their panicles are ai rest. 
In other words, during the mght bodies are in the 
same state with the strings of an instrument that is 
not touched, and which emit no sound; whereas 
bodies rendered visible may be compared to strings 
which emit sound. 

And as bodies become visible as soon as they are 
illuminated, that is, as soon as the rays of the sun, 
or of some other luminous body, fall upon them, it 
must follow, that the same cause which ilhiminates 
them must excite their partii'lea to generate rays, 
and to produce in our eyes the sensation of vision. 
The rays of light, then, falling upon a body, put its 
particles into a stale of vibration. 

This appears at first surprising, because on ex- 
posing onr hands to the strongest light no sensihls 
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impresaion is made on them. Itis to be considered, 
that the sense of touch is in us too gross to perceive 
these subtile and slight inipTeBsioas ; but that the 
sense of sight, incomparidjly more delicate, is 
powerfully affected by them. This fiimishes an in- 
cODt«Htable proof that the rays of light which fall 
UM« a body possess sufficient force to act upon the 
inuiuteT particles, and to communicate to them a 
tremulous agitation. And in this precisely consists 
the action necessary to explain how homes, when 
illuminated, are put in a condition themselves to 
produce rays, by means of which they become 
risible to us. It is sufficient that bodies should be 
luminous or exposed to the light, in order to the 
agitation of their particles, and thereby to their 
producing themselves rays which render them visible 
to us. 

The perfect analogy between hearing and sight 
fpvea to this explanation the highest degree of prob- 
abiUty. Iiet a harpsichord be exposed to a great 
noise, and you will see that not only the strings in 
general are put into a state of vibration, but yon 
will hear the sound of each, almost as if it were 
actually touched. The mechanism of this phenome- 
non is easily comprehended, as soon as it is Itnown 
that a string agitated is capable of communicating 
to the air the same motion of vibration which, trana- 
mitied to the ear, excites in it the sensation of the 
Bound which that same string emits. 

Now, as a string produces in the air such a mo- 
tion, it foUowB that the air reciprocally acts on the 
string, and gives it a tremulous motion. And as a 
Doise is capable of putting in motion the strings of 
a harpsichord, and of extracting sounds from them, 
the same tbing must take place in the objects of 

Ccdonred bodies are similar to the strings of a 
barpeicbord, and the different colours to the differ' 
«Dt iiol«8, in reapect of bigh and low. The light 
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which falls on ihese bodies, being analogous to tb« 
noise to which the harpaichord is exposed, acts on 
the particles of their surface as that noise acts on 
the strings of the harpsichord ; and these particles 
thus put in ribration will produce the raya which 
shHll render the body visible. 
This elucidation seems to me sui&oieiit to diaei- 

file every doubt relating to my theory of colours. 
flatter liiytsclf, at least, that 1 have established thfl 
' true principle of all colours, as well as explained 
how they become visible to us only by the lifht 
whereby bodies are illuminated, unless such doubts 
turn upon some other point which I have not 
touched upon. 
13th June, 1761. 



LETTER XXn. 
T*e Wonders of the Human Voic«. 

Ix explainini; the theorr of sounds, I considered 
only two respects in which sounds could differ : the 
one regardea the force of sound, and I remarked 
that it is greater in proportion aa the vibrations ex- 
cited in the air are more Tiolenl, Thus, the noise 
of a discharge of caimon, or the ringing of a bell, 
has more force thou that of a string, or of the hu- 
man voice. 

The other difference of sounds is totally inde- 
pendent of this, and refers to flat and shaip, accord- 
mg to which we Bay some are low and others high. 
My remark relatively to this difference made it to 
depend on the number of vibrations completed in a 
certain pven time, say a second ; so that the greater 
such number is, the higher or hharper is tlie sound; 
and the smaller it is, the aouiid is lower or Hatter. 

You caji easily comprehend how the same note 
msy be either strong or faint i accordingly, wc mo 
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Ihit the firle and piano employed by miuiciana 
chanffB in no respect the nature of sounds. AraoDZ 
the good qualities of a harpeichord, it is required 
tiiat all the notes should have nearly the same de- 
gree of strength ; and it is always considered as a 
great fault when some of the strings are wound up 
to a greater degree of force than the rest. Now 
the flat and thesharparererembleonly to the simple 
Bomids, whose vibrations follow reguliirly, and at 
equal intervals; and in music we employ only those 
aounds which are denominated simple. Accords 
are compound sounds, or the concourse of several 
produced at once, among the vibrations of which a 
certain order must predominate, which is the found- 
ation of harmony. But when no relation among 
the vibrations is perceptible, it is a confused noise, 
with which it is impossible to say what note of the 
harpsichord is in tune, such as the report of a can- 
non or musket. 

There is still another remarliable difference among 
the simple sounds, which seems to have escaped 
tiie attention of philosophers. Two sounds may be 
of equal force, and in accord with the same note of . 
the harpsichord, and yet very dilTerent to the ear. 
The lound of a flute is totally diflerent from that of 
the French horn, though both may be in tune with 
the same note of the harpsichord, and equally strong; 
each sound derives a certain peculiarity from the - 
instnunent which emits it, but it is impoesible to 
describe wherein this consists ; the same String too 
emits different sounds, according as it is struck, 
tonched, or pinched. You can easily distinguish the 
•onnd of the horn, the flute, and other musical in- 
Btrumeots. 

The mast wonderful diversity, to say nothing of 
the variety of articulation in speech, is observable 
in the human voice, that astonishing masterpiece of 
the Creator. Reflect but for a moment on the dif- 
^ferent Toweis which the mouth simply pronounce 
G9 
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or Bings. When the vowel a is pronounced or sang, 
the souiul is quite different from that of e, t, «, u, or 
di pronooiiccd or sung, Ihooifh on the same ton*. 
We must r.ot then look forthe reason of this differ- 
ence in tli« ropidity or order of the yibrationi;: no 
investigation of philosoptiers has hitherto unfolded 
this mystery. 

You must be perfectly sensible, that in order to 
ntter these different vowels, a diflcrem confotniBtioit 
must be given to the cavity of tho month ; and that 
in mati the organization of this part is mnchbetl«r 
adapted to prodDce'lhese effects than that of ani. 
mills. We find, accordingly, that certain birdi . 
which leani to imitate the human Toice are nerer 
capable of distinctly pronoiineiiig the different 
vowels ; the imitation is at best extremely imperfect. 

In many oi^aiis there is a slop which bears the 
name of the human voice ; it usually, however, 
poniains only the notes which express the vocal 
sounds III" or ae. I have no doubt, that with some 
change it might be possible to produce likewise the 
other vocrl sonnds a, e, 1,0,11, ou; but even this 
' ivould not be sufficient to imitate a single word of 
the human voice ; for how can we combine ihem 
with the consonants, which are so many nodiflcs- 
tions of tlie vowels! We are so conformed, that 
however common the practice, it is almost impoa- 
siblc to 1rac-e and explain Ihe real mechanism. 

We disliiiotly observe three organs employed in 
expressiiii* the consonants, the lips, Ihe tongue, and 
the palate : but the nose likewise essentially concurs. 
On stopping it, we become incapable of pronouncing- 
the letters m and n; the sound of b and d only is 



the letters undoubtedly is, that all the skill o. 

has not hitherto been capable of producing a piece 
of mechanism that could imitate it. The song has 
been exactly imitated, but without any artienlatiaD 
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of sounds, and witfiout distinction of the diffeT«iit 
vowels. 

The conetruction of a machine cabbie of exprsss- 
ini; souiida, with all the articulations, would no 
doubt be a very important discovery. Were it pos- 
sible to execute such a piece of niechanism, and 
bring it to such perfection that it could pranouncs 
all words, by means of certain stops, lilie those of 
an organ or harpsichord, every one would be sur-, 
piiBed, and justly, to hear a machine pronounce 
whole discourses or sermons together, with the 
most graceful accompaniments. Preachers and 
other orators, whose voice is either too weak or 
disagreeable, might play their aormons or orations 
on such a machine, as organists do pieces of music. 
The thing does' not seem to ue im{mBaUile.* 

l^ihJunt, 1761. 



LETTER Xxni. 

' A Summary of tht principal Phenemena ofEltclrieily. 

Tub subject which I am now going to recommend 
to your attention almost terrifies me. The variety 
it presents is immeDse, and the enumeration of facbi 
serves rather to confound than to inform. The sub- 
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iect I mean is electricity, which for some time past 
88 become an object of such importance in phy- 
sics that every oae is supposed to be acquaintM 
with its effects. 

You mast undoubtedly have frequently heard it 
mentioned in converaation ; but 1 know not whether 
Toa have ever witnessed any of the experiments. 
NBtural philosophers of modem times prosecute the 
■study of it with ardour, and are almost every day 
discovering new phenomena, the description of 
which would employ many hundreds of letters ; nay, 
perhaps I should never have done. 

Ana here it is I am embarrassed. I could not 
bear to think of letting you remain unacquainted 
with a branch of natural philosophy so essential ; 
but I would willinglv save you the fatigue of wadinr 
through a diffuse detail of the phenomena, which 
after all would not furnish the necessary informa- 
tion. I flatter myself, however, that ! have dis- 
covered a road which will lead bO directly to the 
object, that you shall attain a knowledge oi it much 
more perfect than that of most natural philosophers, 
who devote night and day to the investigation of 
these mysteries of nature. 

Without stopping to explain. the various appear- 
ances and effects of electricity, which would engage 
me in a long and tedious detail, without extending 
your knowledge of the causes which produce these 
effects, I shall pursue quite a different course, and 
begin with unfolding the true principle of nature on 
which all these phenomena are founded, however 
various they may appear, and from which they are 
all easily deducible. 

It is sufficient to remark, in general, that eltc- 
trieity is excited by the frUlion of a gtast tube. It 
thereby becomes electrical : and then it alternately 
attracts and repels light bodies which are applied to 
ft ; and on the application of other bodies, sparkt of 
fire are mutually extracted, which, . increased m 
■ strenglh, kindle spirits of wine and other corobnstiUe 
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BubslajKes. On touching sach a tube with tiie 
finger, you feel, besides the spark, b puncture which 
may in certain circumBtances be rendered so acute 
as to produce a commotion through the whole body. 
Instetid of a tube of Rlnas, we likewise employ a 

Elobe of glass, which is made to turn round an axis 
ke Q tiirning'nheel. During this motion it is rubbed 
with the hand, or with a. cusliion applied to it ; then 
the globe becomes electric, and produces the same 
phenomena as the tube. • 

Besides glass, resinouB bodies, sw;h as Spanish 
wuz, and sulphur, likewise possess the property of 
becoming electric by friction; but certain species 
at bodies only have this quality, of which glaM, 
aeaUng-wax, and sulphur are the principal. 

Other bodies undergo friction without producing, 
any such effect ; no sign of electricity appears : but 
on applying them to the first, when rendered elec- 
tric, Ihey immediately acquire the same property. 
They become electric, then, hy communication, as 
they touch; and frequently the approximation only 
of electric bodies renders them such. 

All bodies, thcTefore, are divisible into two classes; 



by communication, whereas friction produces no 
manner of effect on them. It is Tery remarkable 
that bodies of the first ctuss receive no electricity 
from conununicalion ; when you apply to a tube or 
globe of glass ttrongly electrified, other glasses or 
bodies which friction renders electric, Uiis touch 
communicates no electricity to them. The distinc- 
tion of these two classes of bodies is worthy of 
attention ; the one class being disposed to become 
electrical by friction only, and not by commui ' 
tion — the other, on the contrary, only by c 
munication.* 
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All metals belong to this last cl^, and tbe com- 
mnnication extends ao far, that on preseDtiog one 
extremity of a wire to an electric body, the other 
extremity becomes ao likewiBe, be the wire ever ao 
long; aad on applying still snother wircto the far- 
ther extremity of the first, the electricity is conveyed 
throngb the whole extent of that second ihreai^ 
and thus electricity may be transmitted to the most 
remote distances. 

Water is a substance which receivei electricity by 
communication. Large pools have been electnfied 
to such a degree that the application of the finger 
baa elicited sparks and exciu^ pain. 

The prevailing persuasion now is, that lightning 
and thunder are the eflect of the electricity which 
tiie clouds actguire, from whatever cause. A thunder- 
storm exhibits the same phenomena of electricity, 
on the great scale, which the expeiiments of natural 
philosophers do in m ' ' ' 

am June, 1761. 



LETTER XXIV. 

7%( true I^rineiple ef Nature on mhich arefauadedtJl 

Ihe Phenomena of Electricity. 



[dienomena of electricity has no doubt excited 
curiosity to know what occult powers of nature an 
capable of producing effects so surprising. 

The greatest part of natural philosophers acknow- 
ledge their ignorance in this respect. They appear 
to be so dazzled by the endless variety of phenomena 
which every day present themselves, and by the ain- 
gnlsrly marvellous circumstances which accompany 
these phenomena, that they are discouraged from 
attemptins an investiKation of the true cause of 
them. Tuey readily admit the existence of a subtile 
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matter, vhich is the priraaiy agent in the prodaction 
of the pheaomeaa, and which they denominate the 
electric fluid; but they are so embarrassed about 
determining its nature and properties, thai this im- 
portant branch of physics ia rendered only more 
perplexed by their researches. 

There is no room to doubt that we must look for 
the source of all the phenomena of electricity only 
in a certain fluid and subtile matter ; but we have no 
need to go to the regions of imagination in quest of 
it. That subtile matter denominated eiher, whose 
reality I have already endeavoured to dentonstrate,* 
is sufficient very naturally to explaio all the sur- 
prising effects which electricity presents. I hope I 
ahallhe able to set this in so clear a lisht, that yon 
shall be able to account for every electrical pbe- 
iiomenon, however strange an appearance it may 
assume. 

The great requisite is to have a thorough know- 
ledge of the nature of ether. The air which we 
breathe rises only to a certain height above the sur- 
face of the earth ; the higher you ascend the more 
aubtile it becomes, and at last it entirely ceasea. 
We must not affirm that beyond the region of the 
air there is a perfect vacuum which occupies the im- 
mense space in which the heavenly bodies revolve. 
The rays of light, which are diffused in all directions 
ftom these heavenly bodies, sufficiently deroonstrat* 
that those vast spaces are tilled with asubtile matter. 

If the rays of^ light are emanations forcibly pro- 
jected from luminous bodies, as some philosophers 
nave maintained, it mast follow that the whola 
space of the heavens is filled with these rays— nay, 
that they move through it with incredible rapidity. 
You have only to recollect the prodigious velocity 
with which the rays of the sun are transmitted to us. 
On this hypothesis, not onJy would there be no 

•SwLMMXV.TIII.1. 
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vacuum, but all sp>ace irould be filled with a nibtile 
matter, and that in a state or constant and most 
dreadTul agitation. 

But I tliink I have clearly proved that rays of 
light are no more emanationa projected from tumi- 
noua bodies than sound is from sonorous bodies. 
It ia much more certain that rays of light are no- 
thing else but a tremulous motion or agitation of a 
Bubtile matter, just as sound consists of a similar 
agitation excited in the air. And aa sound is pro- 
duced and transmitted by the air, liglit is produced 
and transmitted by that matter, incompambly more 
subtile, denominated ether, which consequently fii\s 
ihe immense space between the heavenly bodies. 

Ether, then, is a medium proper for the tranamia- 
aion of rays of light; and this same quality puts us 
in a condition to extend our knowledge of its nature 
and properties. We have only to reflect on the 
properties of air, which render it adapted to the re- 
ception and transmission of sound. The principal 
cause is its elasticity or spring. You know that ah* 
has a power of expanding itsdf in all directions, and 
Uiat it does expand the instant that obstacles are 
removed. The air is never at rest but when its 
elasticity is everywhere the same ; whenever it is 
greater in one place than another tijc air imme- 
diately expands. We likewise discover by experi- 
ment that the more the air is compressed, the more 
its elasticity increases : hence the force of air-guns, 
in which the air, being ver\' stroncly compressed, is 
capable of diacharging the ball with astonishing ve- 
locity. The contrary takes place when the air is 
TareJied : ils elasticity becomes less in proportion 
as it is more rarefied, or diflused over a larger space. 

On the elasticity of the air, then, relative to Its 
density, depends the velocity of sound, which makes 
■ progressof 1143 feet in a second. If the elasticity 
of the air were increased, its density remaining the 
sanie,thevelocityof sound would increase; ana the 




DOTKEEirr KATims or Bosna. 9$ 

sane thin; would Uke place if tho air were more 
nre or leea dense than it ie, ita elasticity being the 
same. In general, the more that anj^ meditnn, simi- 
Ibt to air, is elastic, and at the aame time less dense, 
the more rapidly will the ablations excited in it be 
transmitted. Aod as light is transmitted so many 
thousand times more rapidly than sound, it must 
cleari^ foUow that the ether, that medium whose 
agitations constitute bgfat, is many thousand times 
more elastic than air, and, at the same time, many 
thousand times- more rare or more subtile, both of 
these quslities contributing to accelerate the propa- 
. gation of Ught. 

Such are the reasona which lead us to conclnde 
that ether is many thousand times more elastic and 
more subtile th&a air ; its nature belns' in other re- 
spects similar to that of air, in as much as it is like- 
wise a fluid matter, and susceptible of compression 
and of rarefaction. It is this quality which will 
conduct OB to the explanation of all the phenomena 
of electricity. 

OUJiffw, 17«l. 



LETTER XXV. 

CMUHMMfrm. infferent Nahm of BoUt* rtlaltBtty 
lo EUelrieity. 

EtVH being a subtile matter and similar to sir, 
bnt many thousand times more rare and more 
elastic, it cannot be at rest, unless its elasticity, or 
the force withwhich it tends to expsnd,be the same 

As soon as the ether in one place shall be more 
elastic than in another, which is the case when it is 
more compressed there, it will expand itself into the 
parts adjacent, compressing what ft finds there till 
Ihe wtKh) is reduced to the same degree W elaatiGity. 

ToL.n.— H 
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a.tendencjrto disturb it caunterbalance each other. 

When, therefore, the ether is not in equilibtio the 
same thing must t^e place aa in air, when.its equi- 
librium is disturbed; it must expand itself fimn the 
place where its elasticity is greater towards Uut 
where It is less; but, considering its greater elasticity 
and HubtUty, this motion must be much more r^id 
than that of air. The waat of equilibrium Id the 
air produces wind, or the motion of that fluid frooi 
one place to another. There must therefore be pro- 
duced a species of wind, but incomparably more 
subtile than that of air, when the equilibrium of the 
ether is disturbed, by which this last fluid will pass 
from places where it waa more compressed and 
more elastic to those where it waa leas so. 

This being laid down, 1 with confidence affirm that 
&11 the phenomena of electricity are a natural con- 
sequence of want of equilibrium in the ether, so th^ 
wherever the equiUbnum of the ether is disturbed 
the phenomena of electricity must take place ; con- 
sequently, electricity is nothing else but a derangB- 
ment of the equilibrium of the ether. 

In order to unfold all the effects of electricity, we 
must attend to the manner in which ether is blended 
and enveloped with all the bodies which aorround as. 
Ether, in tnese lower regions, ie to be found only in 
the small interstices which the particlea of the air 
and of other bodiea leave unoccupied. Nothing can 
be more natural than that the ether, from its extreme 
subtility and elasticity, should insinuate itaelf into 
the smallest pores of bodies which are impervious 
to air, and even into those of the air itself. You wiU 
recollect that all bodies, however solid they may 
appear, are full of pores ; and man^ eKperiments in. 
contestably demonstrate that these interstices occupy- 
much more space than the solid parts ; finally, tae 
less po^eroua a body is, the more it must be fillet 
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fosed through tbe smallest pores of bodies, it must 
howerer be found in TOiy great abundance in the 
Ticinity of the earth. 

Yon will Basilar (^"'P'^''"^ Uiat the difference of 
theae.porae must be very great, both as to magnitude 
«ad figure, according to the different nature of the 
bodies, as their dirersity mobaWy depends on the 
direnity of their porea. There must be, therefore, 
undoubtedly, pores more close, and which have leas 
communication with others ; so that the ether which 
they contain iS' Ukewiae more conftned, and cannot 
disengage itself but with great difficulty, though ita 
elastici^ may be much greater than that of the 
ether which is lodged in the adjoining pores. There 
nuat be, on the contrary, pores ^uudantly open, 
and of easy communication with the adjacent porea^, 
in thta caae it is evident that the ether lodged in 
Ih^ can with loss difficulty diaengaKO itaelf than 
in the preceding ; and if it is more or Teaa elastic in 
these than in the others, it will soon recover ita 
equilibrium. 

In order to distingiiish these two classea of pores, 
I shall denoroinat« the first doit, and the others 
Ofm. Moat bodies must contain porea of an inter- 
mediate' specifca, which it will be sufficient to dis- 
tinguish by the terms more or lett clore, and Ptort or 

This being laid down, I remark, first, that if all 
bodies had pores perfectly close, it would be impos- 
sible to' change the elasticity of the air contained in 
them i and even though the ether in some of these 
pores should have acquired, from whatever cause, a 
Ligher degree of elasticity than the others, it would 
always remain in that stale, and never recover its 
equilitmtun, from a total want of communication. 
In Qiis case no change could take place in bodies; 
aH would renaiu.in tlte Mine state as if the ether 
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w»re in eqoilibrio. and no phcaKHneaon ofelseliteily 
could be produced. 

Thii would likewtM be the caae if tbo pom of 
all bodiei were perfectly open ; for then, though the 
eth«r might be more or less elastic in some poree 
than in others, the equilibrium Would be instantly 
restored, from the entue freedom of communicatiott 
—and that so rapidly that we should not be in a 
condition to remaik the sU^htest change. For the 
same reason it would be unposaible to disturb the 
equiUbrium of the ether contained in such pores; aa 
onenas the equilibrium might be diHturbed, it would 
be as instantaneously restored, and no sign of elec- 
tricity would be discoverable. 

The pores of all bodies being neither perfecttj 
close nor perfectly open, it will always be poositde 
to disturb the eouUibrium of the ether which they 
contain: and when this happens, from whatercr 
cause, the equilibrium cannot fail to re-establisk 
itselTi but thia re-establishment will require Mqa« 
time, and this produces certain phenomena i aad 
you will presently see, much U> your satisfactit^ 
Ihat they are precisely the same which electricu 
«^)erinieats have discorered. It will then appear 
that the principles on which I am going to estaUiak 
the theory of electricity are extremely simple, anl 
at the same time absolutely incontrOTertibls. 

37tA Jwu, 1761. 



LETTER XXVI. 

On tie taut Subftet. 

I Bori I have now aurmounted the most formi- 
dable difficulties which present themacdvea in tho 
theory of electricity. You have oidy to preeerrs 
the idea of ether which I have been eq^nmg; and 
which is, that extremriy subtile and elastic matMr 
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tfflteed, not onlr throngli all the void spaces of tli« 
nniveTM, bat through the minuteBt pores of all 
bodies in which it is sometimes more and sometimes 
Imb CDgwed, iccordin^ as they are more or less 
dose. lUiB considention conducts us to two priii' 
eipal Bpecies of bodies, of which the one has pores 
mofs dose, and the other pores mote open. 

Should it happen, therefore, that the ether con- 
tained in Ihe pores of bodies has not throughout the 
•ame depee of elasticity, and that it is more or less 
compressed iu some than in others, it will make an 
•flbrt to recover its equilibrium ; sod it is precisely 
fcom this that the phenomena of electricity take 
theb rise, which, of consequence, will be raried in 
proportion as the pores in which the ether is lodged 
are Tarioos, and grant it a communication more or 
lass free with the others. 

ThiB difference in the pores of bodies perfectly 
correapMidB to that which the first pheaomena of 
electricity have made ns to remark in them, by which 
■omeeasdy become eleclricsl by communication, or 
the proximity of an electrical body, whereas others 
scarcely undergo anv change. Hence you will im- 
■lediately infer that Dodiea which receive electricity 
•0 easily by communication alone are those whose 
pores are open ; and that the others, which are 
almost insensible to electricity, must have theira 
dose, either entirely or to a very great degree. 

It is, then, by the phenomena orelectricity them- 
selves that we are enabled to conclude wnat are 
the bodies whose pores are close or open.- Respect- 
ing which permit me to suggest the following elu- 
ddations. 

First, the air which we breathe has its pores 
almost entirely close ; BO that the ether which it 
contains cannot disengage itself but with difficulty, 
and mnst find equal difficulty in attempting to pene- 
toate into it. Thus, though the ether difiiised 
t&rough the air is not in equihbrio with that whicli 




is contained in other bodies where it iantoieorbw 
Gom[H<e8sed, the re-eetablishment of ita eijiiilibntin 
ia not to be prodaced without extreme difflcnltj) 
thia is to be understood of dry air, humidity being 
of s difilsrent nature, aa I ahall preaientlv remaik. 

Farther, we must rank in Una ctaaa of bodiea with 
close pores, giatt, piuh, retiawiu boditt, tai^uig-tnaMt 
j«(^Aur, and particularly Mtt. These anbetuicBstuTe 
their pores so very close tiiat it is with extreme 
difficulty the ether can either esc^M fh>m or peoe- 
bnte into them. 

The other class, that of bodiea whose pores us 
open, contains, first, water and other liquora, whoso 
natare is totally different from that of air. For this 
reason, when air becomes humid it totally changst 
its nature with respect to electricity, and the ether 
can enter or escape without almost any difficulty. 
To this class of bodies with open pores likewias 
must be relbrred those of animals, and all nMtals. 

Other bodies, auch as wood, sereral sorts of atones 
and earths, occupy an intermediate state between the 
two principal species which I have Just mentioned; 
and the ether is enable of entenng or escaping 
with more or less bcility, according to the natme 
of each species. 

After these elucidations on the different nature 
of bodies with respect to the ether which theycon- 
tain, vou will see with much aatiafaotion how all 
the phenomena of electricity, which have been con* 
sidered as so many prodigies, flow very naturallf 
from them. 

All depends, then, on the state of the ether dif- 
fused or dispersed tiirouKh the pofea of all bodiea, 
in aa far as it has not throughout the same degree 
of elasttci^, or aa it is more or less compressed in 
some than m other* : for the ether not being then in 
eqnilibrio will make an effort to recover it. It wUI 
endeavour to disengage itself as far as the openness 
of the pores will permit ftom [Aacea where it ia too 
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mch comiireMed, to expand iteelf and enter into 
pores where there is less compression, till it is 
uiroi^liout reduced to the same iegiev of com- 
pression and elasticity, and is, of consequence, in 
equilibrio. 

Let it be remariEed, that when the ether passes 
Irom a body where it was too much compressed into 
imother where it is less so, it meets with great ob- 
stacles in the air which separates the two bodies on 
.account of the poree of this fluid, which are almost 
«ntirel)' close, it however paasea through the air 
;aa a liquid and extremely subtile matter, prorided 
its force is not inferior, or the interval between the 
liodieB too great. Now, this passaf^e of the ether 
:being very much impeded, and almost entirely pre- 
sented by the pores of the air, the same thing will 
bappen to it as to air forced with velocity througti 
isnum apertures — a hisaing sound Is heard — which 
proves that this fluid is then put into an agitation 
vhich produces anch a sound. 

It is, therefore, eztretnelr natural that the ether, 
jbrced to penetrate througn the pores of the air, 
«honld likewisereceive aspeciesof agitation. Yon 
will please to recollect, that as station of the air 
produces sonnd, a simHar agitation of ether prodoces 
ligfat. As onen, then, as ether escaftes from one 
body to enter into soother, its passage throned the 
air must be accompanied with light ; which appears 
sometimes under the form of a apark, eometimes 
mder that of a flash of lightning, according as its 
quantity is more or less considerable. 

Here, then, is the most remarkable circnmatance 
which accompanies moat electrical phenomena, ez- 

Bained to a demonstration, on the principles I have 
id down.* 1 shall now enterinto a more particular 
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detail, which wlD famish me witli aTeri^ agneiable 
subject for some foUowing Letten. ' 

SUA /uM, 1761: 



LETTER xxyn. 

CffPotitive and NegtUitrt Electricity. Exf/^tMum «/ 
th» Phenomemm of Attraetitm. 

YoD win easily comprehend, from what I har« 
above advanced, that a body must become electriral 
whenerer the ether contained in its porea becomes 
more or less elastic than that which is lodged in 
adjacent bodies. This takes place when a greater 

Suantity of ether is introduced into the pores of such 
ody, OT when part of the ether which it contained ia 
forced out. In the former case, the ether becomea 
more compressed, and consequently more elastic ; in 
the other, it becomes rarer, and loses its elasticity. 
In both cases it is no lonf^r in equilibrio with that 
which is external ; and the efforts which it makes to 
recover its equilibrimn produce all the phenomem 
of electricity. 

You see, then, that a body may become electric 
in two diSerent ways, acconiling as the ether eoo- 
tained in its pores becomes more or leas elastic than 
that which is external ; hence result two species of 
electricity: the one, by which the ether is rendered 
more elastic, or more compressed, is denominated 
increased or positive electricity ; the other, in which 
the ether is leas elastic, or more rarefied, is denom' 
inated diminished or negative electricity. The phe- 
nomena of both are nearly the same; a alight dijeiv 
once only is observable, which I shall mention. 

Bodies are not naturally electrical— as the elas. 
ticity of the ether has a tendency to maintain it in 
equdibrio, it mual alwa^ require a violent operation 
lo disturb this equilibrium, and to render bodiM 
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electrical ; and such operations miiat act on bodiei 
with close pores, that the equilibrium, once deranged, 
nay not be instantly restored. We accordingly find 
that glass, amber, sealing-wax, or sulphur are the 
bodies employed to excite electricity. 

The easiest operation and for some time past, 
the most unirersally known, is to i^b a sticlc of seal- 
ing-wax with a piece of woollen cloth, in order to 
commuoicate to that wax the power of attracting 
amall slips of paper and of other tight bodies. Am- 
ber, by means of friction, produces the same phe- 
nomenal and as the ancients gave to ttiis body the 
name of eUelrum, the power excited by friction ob- 
tained, and preeeTTss, the name of rfbctrieity— natural 
philosophere of the remotest ages having remarked 
that this substance acquired by friction the faculty 
of attracting light bodies. 

This effect undoubtedly arises from the derange- 
ment of the equilibrium of the ether by means of 
flriction. I must begin, therefore, with explaining 
this well-known experiment. Amber and sealing- 
wax have their pores abundantly close, and those of 
wool are abundantly open ; during the friction, the 
ptwes of both the one and the other compress ihem- 
sdvea, and the ether which is contained in them is 
nduced to a higher degree of elasticity. According 
as the pores of the wool are susceptible of a com- 
pression ^eater or less than those of amber or seal- 
ing-wax, It must happen that a portion of ether shall 
pass from the wool into the amber, or, reciprocally, 
from the amber info the wool. In the former case, 
the amber becomes paatively electric, and in the 
other lugatwely — and its pores being close, it will 
remain in this state for some time ; whereas the 
wool, though it has undergone a similar change, will 
presently recover its natural stale. 

Prom the experiments which electric sealii^-waz 
ftmiishes, we conclude that its electricil" " 



and that a part of ha ether has passed during the 
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fHcUon into th« wool. Hence yon perouTe how a 
a^A of sealing'-wax is, by friction on woollen cloth, 
deprived of part of the etfaer which it contained, 
. utd ni«al thereby become electric. Let ns now s«e 
what eSecta must result fTom this, and how far th^ 
correspond with observation and experience. 

Let A B, Fig. 39, be a stick of sealing- 
wax, (mm which, by friction, part of the Fig. 89. 
ether contained in its pores has been C 
forced out; that which remains, being ^ 
less compreaaed, will therefore have lew 
force to expand itself, Or, in other worda, 
will have less elasticity than that con- 
tained in other bodies in the circomani' 
bient air ; but as the pores of air are still 
closer than those of sealing-wax, this 
prevents the ether contained in the air 
from passing into the aealing-waz, to 
restore the equilibrium : at least this 
.wiU ,not take }»ace till after a considei- 
able interval of time. 

Let a small and Tery light body C, 
whose pores are open, be now presented 
to the stick of sealing-wax, the ether 
ctmt^ned in them, finding a free pass- 
age, because it has more force toeip^nd _ 

itself than ie opposed to it by the ether 
■hot up in the stick at e, will suddenly escape, wiB 
force a passage for itself through the air, provided 
the diatance ia not too great, and will enter into the 
sealing-wax. This passage, however, will not be 
effects] without very considerable difficulty, as the 
pores of the sewing-wax have only a very amall 
aperture, and conaequently it will not be accom- 
panied with a vehemence capable of putting the ether 
lu a motion of agitation, to excite a sensible light 
A. Mnt glimmering only will be perceptible in tli9 
daA, if toe electricity is sufficiently strong. 
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But RDOtber phenomenon will be obeerrable which 
is no lew Burpiising^ — the small body C wiU apring 
towarde the sealing-wax as if attracted by it. To 
explain the cause of this, ^ou have only to consider 
that the small body C, in its natural state, is equally 
pressed on all aides by the air which surrounds it; 
out as in its present state the ether makes its escape 
and passes through the air in the direction C i, it ii 
erident that this last fluid will not press so violently 
on the small body on this side as on any other, 
and that the pressure communicated to it towards e 
will be more powerful than in any other direction, 
impelling it towards the sealing-wax as if attracted 
by it. 

Thus are explained, in a manner perfectly intel- 
ligible, the attractions observable in the phenomena 
of electricity. In this experiment, the electricity is 
too feeble to produce more surprising efiects. I 
Bhallhave thehonourof presenting you with a more 
ample detail in the following Letters. 

4lA July, 1761. 



LETTER XXVUI. 
On the MBW Subjtet. 

SnoB were the faint beginniriea of the electrical' 
jAenomena ; it was not tfll latdy that they wera 
(tarried much farther. At first a tube of glass wa» 
employed, similar to that of which harometers ar« 
made, but of a larger diameter, which was nibbed 
wiUi the naked l^nd, or with a piece »f woollen 
clolh, and electrical phenomena more striking were 
observed. 

You will readily comprehend, that on rubbing a 
tube of glaast part of the ether miut paast m nrtue 
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of the coinpreHion of the pons of the gUss, and of 
the rubbing bod]r,eitherfroni the band into the glut, 
or from the g^asa into the haiid, acoording u the 
poreeof iheoneorof the other are more suaceptibis 
of compreaaion in the friction. The ether, ^ler 
this operation, easHy recovers ita equilibrium in tho 
hand, oecauae its pores are open; but those of the 
elass being abmidanUy close, this fluid will preserve 
ita atate in it, whether the glaaa is aurcharged or 
exhausted, and consequently will be electric, and 
will produce phenomena similar to those of seallng'- 
wai, but undoubtedly much atronger, as ita electn- 
city )9 carried to a higher degme, as well from the 
greater diameter of the tube as from the very natine 
of glaas. 

Bxperimenta give us reason to conclude that the 
tube of glass becomes, by these means, surcharaed 
with ether, whereas aealing-wax is exhausted ofit ; 
the phenomena however are nearly the same. 

It must be observed that the glass tube retains it» 
electricity as long as it ia surrounded only with air, 
because the pores of the glass and those of the air 
are too close to allow a communication sufficiently 
free to the ether, and to exhauat the glaas of what 
it has more than in ita natural atate ; superfluity of 
ether always increasiag elasticity. But the air mnat 
be very dry, for only when in thnt state are ita pore» 
sufficiently close ; when it is humid or loaded with 
vapours, experiments do not succeed, whatever de- 
btee of friction you bestow on the glaaa. Thereasmt 
IB obvious ; for water, which renders the air humid, 
having ita porea very open, receives every instant 
the superfluous ether which was in the glass, aod 
which of course remains in its natural state. Ex- 
perimenta succeed, then, in only very dry air : let ne - 
now flee what phenomena a glass tube will in that 
case produce, after having tmdergotie considenbie 
frictiwL' 
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It ii clear that on presenting to it a small Fig. W, 
li^t bodyC, F^. 40, with open pores, 
such a* goM leaf, the ether in the *"''~ 
more elastic at the neareat parts, 
will not make ineffectual eSbrts t 
chaTge iteelf and pasa into the pores of 
the body C. It will force a path through 
the air, provided the distance be not too 
great; and jou will even aee a light 
between the tube and the body, occa- 
sioned by the agitation excited in the 
ether, which paaaes with difficulty from 
the tube into the body. When, instead 
of the body C, the finger is applied to 
it, yoQ feel a pricking, occaaiooed irf 
the rapid entrance of the ether; and if 
you expose your face to it at some dis- 
tance, yon feel a certain agitation in the " 

air, excited by the tranatiioa of the ether. These 
circtunstances are likewise accompanied sometimes 
with a slight crackling, produced undoubtedly by the 
agitation of the air, which the ether traverses with 
Buch rapidity. 

I must entreat yon to keep in mind, that an agita- 
tion in the air always produces a sotind, and that 
the motion of ether produces light ; and then the 
explanattoa of these phenomena will become abmi- 
flantly easy. 

Let the small light body C be replaced in the 
vicinity of our electric tube ; bb long as the ether is 
escaping from the tube, to enter into the pores of the 
body C, the air will be in part expelled from it, and 
consequently will not press so strongly on the body 
on that side as in every other direction ; it wiU 
happen, then, as in the preceding case, that the body 
C will be impelled towards the tube,'«nd being light, 
will come close up to it. We see, then, that this 
apparent attraction equally takes place, whether the 




•r whether tiie ehuticity of the tube be pontire or 
negative. In both cases, the passage of the ether 
stops the air, and by its pressure hiodeia it from 
acting. 

But while the small body C is approaching the 
tube, the passaffe^f the ether becomes stronger, and 
the body C will soon be aa much surcharged with 
ether as the tube itself. Then the action of the 
ether, which ariaea from its eiaaticity only, entirely 
ceases, and the body C will sustain on all sides an 
equal pressure. The attraction will cease, and the 
body C will removefrora thetube, as nothing detains 
it, and its own gravity puts it in motion. Now, as 
soon as it removes, its pores being open, its auper- 
duous ether presently escapes in the air, and it 
returns to its natural state. The body will then act 
as at the beginning, and you will see it again approach 
the tube, so that it will appear alternately attracted 
snd repelled by it ; and this play will go on till the 
tube has lost its electricity. For as, on every 
attraction, it discharges some portiCHi of its super- 
fluous ether, besides the insensible escape of part of 
it in the air, the tube will aoon be re-established in 
its natural slate, and in its equilibrium; and tbia so 
much the more speedily as the tube is small, and the 
body C tight; then ail the phenomena of electricity 
will cease. 

7th July, nu. 



LETTER XXIX. 

On Iha Eltelrie Atmotpken. 

I HAD almost forgotten to bring forward a most 
nsentisl circumstance, which accompanies all elec- 
trie bodies, whether posilivfly or negalivtly such, and 
Irbich sappUes some very striking elucidationg for 
—,_■_■ — ,i_ _t a of electricity. 
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Tbongh it be indnbitably true that Hie pores of 
ut are very close, and scaicely perniit any commu- 
nication between the ether that they coataio and 
what is in the vicinity, it undergoes, however, BOroe 
<;(iange when near to an electric body. 

Let us first consider an electric body n^atively so, 
as a rtick of teahnf! p,„ 03 

IBM A B, Fig. 99, ■ 

whv^h has bera de> ' 
prired by friction of ,-1 
part of the ether coo- (, - \_"i- 
tained in its pores, M> 
that what it now contains haa less elasticity than 
Uiat of other bttJies, and consequently than that of 
the air which snrronnds the wax. It must necesaarity 
happen, that the ether contained in the particles of 
tiie air which immediately touch the wax, as at m, 
having greater elasticity, should discharge itself, in 
however small a degree, into the pores of the wax, 
and wiU consequently lose somewhat of its elasticity. 
In like manner, the particles of air more remote, 
soppose at n, will likewise suffer a portion of their 
ether to escape into the nearer at m, and so on to a 
certain distance beyond which the air will no longer 
undergo any change. In this manner, the air round 
the stick of wax to a certain distance will be 
deprived of part of its eiher, and become itself 
electric. 

This portion of the air, wiiich thus partakes of the 
electricity of the stick of wax, is denominated the 
ehelric atmosphere; and you will see from the proofs 
which 1 have just adduced, that every electric body 
must be surrounded with an atmosphere. For if 
tiie body is positively electric, so as to contain a 
superfluity of^ether, it will be more compressed in 
■uch a bodv, and consequently more elastic, as is 
,tbe case with a tube of glass whenrubbed ; this ether, 
more elastic, then disc Wges ilaeir, in asmall degree, 
into the particles of air which immediately touch i^ 
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and thence into particles more remote, to a certain 
distance ; this will form another electric atmosphere 
round the tube, in which the ether will be more 
compreased, and consequently more elastic than 
elsewhere. •• 

It is evident that this atmosphere which surrounds 
such bodies must gradually diminish the electricity 
of them, aa in the Grat case there passes almost con- 
tinually a small portion of ether from the surround* 
ins air into the electric body, and which, in the 
other case, isBDes from the electric body and passes 
into the air. This is likewise the reason why 
electric bodies at length lose their electricity; and 
this BO much the sooner, as the pores of Uie ait 
■re more open. In a humid air, whose pores are 
very open, aU electricity is almost instantly extin- 
guished ; but in very dry air it continues a consid- 
erable time. 

This electric atmosphere becomes abnndantlj 
sensible on applying your face to an electrified 
body ; you have a feeling similar to the application 
of a spider's web, occasioned by the gentle transition 
of the ether from the face into the electric body, or 
reciprocally, from this last into the face, according 
as it is negative or positive, to use the common 

Tlie electric atmosphere serves likewise more 
clearly to explain that alternate attraction and 
repulsion of hght bodies placed near to electric 
bodies which I mentioned in the preceding Letter; 
in wtiich yon must have remarked that the explana 
tion of repulsion there given is incomplete but the 
dectric atmosphere will supply the defect 

Let K B, ^. 93, rep- 
resent an electric tube 
of glaaa surcharged with 
ether, and let C be a small ^ 
light body, with pores suf- 
Hciently open, in its nat- 
ural state. Let the atmo- 
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ihere extend as far as the distance D E. N<nr, m 

..e vicinilj of C contains already an ether mora 
clastic, this njll dischar^ itself into the pores of 
the bodjr C; there will immediately issue from the 
tube a new elber, which will pass from D into C, 
and it is the atmosphere chiefly which tacilitates 
this passage. For if the ether contained in the air 
had no communication with that in the tube, the 
corpuscle C would not feel the vicinity of the tube j 
but while the ether is paasing from D to C, the 
pressure of the air between C and D will be dimln- 
ished, and tlie coqiuscle C will no longer be preesi^ 
equally in all directions; it will therefore be im- 
pclled towards D, as if attracted by it. Now, in 
proportion as it approaches, It will be likewise more 
and more surcharged with ether, and will become 
electric as the tube itself, and consequently the 
electricity of the tube will no longer act upon it. 

But as the corpuscle, being now arrived at D, con- 
tains too much ether, and mare than the air at E, it 
will have a tendency to escape, in order to make its 
way to E. The atmosphere in which the compres- 
sion of the ether continues lo diminish from D to E 
will facilitate this passage, and the superfluous ether 
wiU in effect tlow from the corpuscle towards E. By 
this passage, the pressure of the air on the corpuscle 
will be smaller on that side than everywhere else, 
and consequently the corpuscle will be carried 
towards D, as if the lube repelled it. But as soon 
as it arrives at E,it discharges th»BUperfluous ether, 
and recovers its natural state ; it will then be afain 
attracted towards the lube, and having reached it; 
will be again repelled, for the reason which I have 
just been explaining. 

It is the electric atmosphere then chiefly which 

produces these singular phenomena, when we sec 

electrified bodies alternately attract and repel amall 

fi^t bodies, such as httle sUps of paper, or particles 

19 
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of metal, with which this experiment best sncceeda, 
W the substances have very open pores. 

You will see, moreover, that what 1 have just now 

' «aid reBpecting poiitiDi electricity must equaUv take 
place in negaimt. The transition of the ether is 
oiUy rerersed, by which the natural pressure ot the 

' ail lauBt always be dimiotahed. 



LETTER XXK. 



so/aGloite/Glatt. 

Ama the experiments made with ^asa tub«s, w« 
have proceeded to carry electricity to a higher d«- 
gree or strength. Instead of a tube, a globe or 
round ball of glass has been employed, which is 
made to turn with great velocity round an axia, and 
on applying the hand to it, or a cushion of somo 
matter with open pores, a friction is produced which 
tenders the globe completely electric. 

Fie. S4 represents this globe. Fig. M. 

which may be made to move round — 

an axis A B, by a mechanism simi- 
lar to tiiat employed by turners. 
C is the cushion stroi^ly applied 
to the globe, on which it rubs as it 
tarns nmnd. The pores of the 
cushion being, in this friction, com- 
pressed more than those of the glass, the ether con- 
tained in it is expelled, and forced to insinuate itself 
into the pores of the glass, where thny continue to 
accumulate, because the open pores of the cushion 
are continually supplying it with more ether, which 
it is extracting, at least in part, from surrounding 
bodies; and thus the globe maybe surcharged with 
,Qth« to a much higher degree than glasa tolMa, 
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71)0 effects of electricity are accordinf^y rendered 
much more conaidenible, but oT the eame natore 
with tboee which I have descrU>ed, alternately at- 
tiscting and repelling light bodies; and the spaAs 
which we see on touching the electric globe are 
much more lively. 

Bnt natunilieta hare not rested aatisfled with anch 
e^teriments, but have employed the electric^ globe 
m the discovery of phenomena much moi« sur- 
prising. 

Having conatmcted the machino for tnmbig the 
. ridMioiuidits axisAB,«barof in)iiFO,J^. 0^ 
Fig.W. 




fe suspended above, or on one side of the globe, and 
towards the globe is directed a chain of iron or other 
metal E D, terminating at D, in metallic filaments, 
which touch the globe. It is sufficient that this chain 
be attached to the bat of iron in any manner what- 
ever, 01 bat touch tt. When the globe is turned 
roniidi and in taming made to lub on the oMhion at 
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C. in owler Hint the glass may become BUTcharKod 
with ether, which will consequently be more elastic, 
it will easily pass from Ihence into the filaments D, 
for, being of metal, their pores are very open ; and 
from thence, asain, it will diacbarge itself by the 
chain D E, into the bar of iron F G. Thus, by means 
of the globe, the ether extracted from the cushion 
C will successively accumulate in the bar of iron 
FG, which likewise, of consequence, becomes elec- 
tric ; and its electricity increases in proportion as 
you continue to turn the globe. 

If this bu had a further commnnication with other 
bodies whose pores too are open, it woi^ soon dis- 
charge into them its superfluous ether, and therel^ 
lose its electricity; the ether extracted from the 
cushion woiild be diipersed over all the bodies which 
had an intercommunication, and its greatest com- 
pression would not be more perceptible. To pro- . 
Tent this, which would prove fatal to all the phe- 
nomena of electricity, the bar must of necessi^ be 
supported or suspended by props of a substance 
whose pores are very close ; such as glass, pitch, 
Bulphur, sealing-wax, and silk. It would be proper, 
then, to support the bar on props of glass or pitch, 
or to suspend it by cords of silk. The bar is thus 
secured agMnst the transmission of its accumulated 
elher,^ It is surrounded on all sides only by bodies 
with close pores, which permit hardly any »lmission 
to the ether in the bar. The bar is then said lo be 
iruaiated, that is, deprived of all contact which could 
communicate, and thereby diminish, its electricity. 
Youmust be sensible, however, that it is not poissible 
absolutely to prevent all waste : for this reason, the 
electricity of auch a bar must continually diminish, 
if it were not kept up by the motion of the globe. 

In this manner electricity tnay be communicated 
(o a bar of iron, which never could be done by the 
most violent and persevering friction, because of the 
opeauBM of its pores. And. for the same reawo. 




TO i. UE Of ami. lOB 

mch a bar rendered electric by communicatioii pro. 
ducea phenomena much mor» Burpriaing. On pre- 
senting to it a finger, or any ofher part of the bodv, 
you see a very briiliant apiric dart from it, which, 
entering into tne body, eicites a puogent and some- 
times painful sensation. I Tecotlect having once 
presented to it my head, covered with my peruke 
and hat, and the stroke penetrated it so acutely Uiat 
I felt Ihe pain next day.* ' 

These sparks, which escMw from every part of the 
bar on presenting to it a body with open pores, set 
on Gre at once spirit of wine, and lull small lurd« 
whose heads are exposed to them. On plunging 
the end of the chain D E into a basin filled with 
water, and supported by bodies with close pores, 
«nch as glass, pitch, silk, the whole water becomes 
electric ; and some auchois assure ns that they have 
Been considerable lakes electrified in this manner, so 
that on applying the hand you might have seen 
«ven very pungent sparks emitted from the water. 
But it appears to me that the globe must be turned 
a Tery lor^ time indeed, to convey such a portion of 
ether into a mass of water so enormous ; it would be 
Ukewisb necessary that the bed of the Jake, and 
«very thing in contact with it, should have Uieii 
pores close. t 

The more open, then, the pores of a body are, the 
more disposed it is to receive a higher degree of 
electricity, and to produce prodigious effects. Yon 
must admit that aU this is perfectly conformable to 
the principles which I at fint estabUshed. 

WA July, ITSl. 

* ts tbg eul; pntad sT Its tOioct, Ih* r 
mi biftily wrooifK npno by (bsm. 
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LETTER XXXI. 
Etettritation of Men and AmmaU. 

Ab electricity may be communicated front glass to 
B bar of iron, by meanB of a chain which fonns that 
communication, it may Ukevise be conveyed into the 
human body; for the bodies of animals have this 
property in common with metals and water, that 
their pores are very open ; but the man who is to 
be the subject of the experiment must not be in 
contact with other bodies whose pores are likewise 
open. 

For this purpoRe,themanisplacedonalarg«lnrap 
of pitch, or sealed on a chair supported by Klass 
columns, or a chair suspended by cords of aiH, as 
all these substances have pores sufficiently close to 
prevent the escape of the ether with which the body 
of the man becomes surcharged by electricity. 

This precaution is absolutely necessary, for wer« 
the man blaced on the ground, the pores of whick 
are abundantly open, as soon as the ether Was con- 
Teyed into his body to a higher degree of comprm- 
sion, it would, immediately discharge itself into the 
earth : and we must be in a condition to surcharge it 
entirely with ether before the mau could become 
electric. Now you must be sensible that the cushion 
by which the globe of glass is rubbed could not pos- 
sibly supply such a prodigiou;? quantity of ether, and 
that were you to extract it even out of the earth 
itself, you could gain no ground, for you would just 
take away as much on the one hand as you gave on 
the other. 

Having then placed the man whom you mean to 
electrify in the manner which I have indicated, y<Mi 
tisve only to make him touch with his hand the 
globe of glass while it turns, and the ether aucoma- 
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lated in the globe will easily pass into the open porea 
of the hand, and difluse itself over the whole body, 
from whence it caiuiot so easily escape, as the air 
and all the bodies with which he ia surrounded have 
their pores close. Instead of touching the globe 
with his hand, it will be sufficient for him to touch 
the chain, or even the bar, which I described in the 
preceding Letier ; but in this case, not only the man 
nimself must be surcharged with ether, but likewise 
the chain with the bar of iron; and as this requires 
a greater quantity of ether, it would be necessary to 
labour longer in turning the globe, in order to supply 
a sufficient quantitv.* 

In this manner the man becomes entirely electric, 
or, in other words, his whole body will be sur- 
charged with ether ; and this fluid will consequently 
be found there in the highest degree of compressioD 
and electricity, and will have a violent tendency to 
escape. 

You must be abundantly sensible [hat a state so 
violent cannot be indilferent to the man. The body 
is in its minutest parts wholly penetrated with ether, 
and the smallest Rbres as well as the nenes are so 
filled with it, thai tliis ether, without doubt, pervades 
the principal springs of animal and vital motion. It 
is accordingly observed, that the pulao of a man 
electrified beats faster— he is thrown mlo a sweat — 
and the motion of the more subtile fluids with which 
the body is filled becomes more rapid. A certain 
change is likewise felt over the whole body, which it 
is impossible to describe ; and there is every reason 
to believe, that this state has a powerful influence on 
the health, though sufficient experiments have not 
yet been made to asr*rtain in what cases this influ- 
ence is salutary, or otherwise. It may sometimes b« 

*TUa IW modK bowtnr. sT jerltmiiBt It 
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hiffhly beneficial to have the blood and hnmoim 
Taised to a more lively circulslion ; certain obatruc- 
tiona, which threaten danF^erous consequences, might 
thereby be prevented ; but on other occaeions an 
aintation too violent might prove injurious to health. 
The subject certainly well deserves the attention of 
medical gentlemen, Wa have heard of many anr- 
prising cm^s perrormed by electricity, but we are not 
yet enabled sufficientlyto disting^iish the occasions 
on which we may promise oursefvea success. 

To return to our electrified man ; it is very re- 
markable, that in the darit we see him surrounded 
with a liebt similajr to that which painters throw 
lound the heads of sainta. The reason is abundantly 
obvious; as there is always escaping from the bon^ 
of that man some part of the ether with which he is 
surcharged, this fluid meets with much resistance 
from the close pores of the air ; it is thereby put into . 
a certain agitation, which is the origin of light, as I 
luve had the honour to demonstrate. 

Phenomena of a very surprising nature are re- 
marked in this state of a man electnfied. On touch- 
ing him, you not only see very brilliant sparks issua 
from the part which you touch, but the man feels- 
besides a very pungent pain. Further, if the persoo 
who touches him be m his natural state, or not 
electrified, both sensibly feel this pain, which might 
have fatal consequences, especially if he were touched 
in the head, or any other part of the body of acut« 
sensibility. You will readily comprehend, then, how 
Bttle indifferent it is to us, that a part of the ether 
contained in our body escape from it, or that new 
ether is introduced, especially as this is done with 
such amazing rapLffity. 

Moreover, the lijht with which we see the man 
surrounded in the dark is an admirable confirmation 
of my remarks respecting the electric atmospheie 
which is diffused round ^1 bodies ; and you wiU m» 
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longer find an; diOcnUy in the greater mmber of 
electrical pheiK)msiu,howeveriii«pliCBbl8 they mcjr 



LETTER XZXU. 
Dittmelim Character of tie too Spew* of EUetrieity. 

Yoo will i^ue to recollect, that not only ^lass 
becomea electric by friction, bat that other anb- 
■tancea, such as sealing-wax and aulphnr, have the 
aame property, in as much a« their pores are Ukewiae 
cloae ; so that whether you introduce into them m 
extraordinai^ quantity of ether, or extract a part of 
it, they continue for some time m that atate ; nor !■ 
the equilibrinm so eoon restored. 

Accordingly, instead of a globe of ^asa, riobes of 
sealing-wax and aulphnr are employed, which ara 
likewiae made to revolve ronnd an axis, nibbing at 
Uie same time against a cushion, in the same manner 
which I described respecting a rtobe of glasa. Such 
globea are thus rendered eqwQly electric; and <m 
applying to them a bar of iron, which touches them 
only by slender IlliuneDts or fringes of mebU, inca- 
pable of injuring the globe, electricity is immediately 
communicated to that Emt, from which you majr 
aflerward transmit it to other bodies at pleasure. 

Here, howCTer, a very remarkable diflerence is 
observable. A globe of glass rendered electric in 
this manner becomes surcharged with ether ; and 
the bar of iron, or other bodies brought into commu- 
nication with it, acquire an electricity of the same 
nature. This electricity is denomiaated pontine or 
augmented electricity. But when a globe of sealing- 
wax or snlfdiUT is treated in the same manner, an 
electricity directly opposite is the result, which is 
denominated negattee or dtminiehtd electrici^, as 

Vol. n.— K 
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it is perceiTed that by friction these globes are d»' 
prived of part of the ether contained in their pores. 

You will besurprised to see that the same friction 
is capaWe of producing eflfects altogether opposite; 
but this depends on the nature of the bodies which 
undergo the friction, whether by communicating or 
receiving it, and of the rigidity of their particles 
which contain the pores. In order to explain the 
possibility of this difference, it ie evident, at first 
sight, that when two bodies are rubbed violently 
against each other, the pores of the one must in 
most cases undergo a ^eater compression than 
those of the other, and that then the ether contained 
in the pores is extruded, and forced to insinuate 
itself into those of the bodies wtiich are less conu 
pressed. 

It follows, then, that in this friction of glass against 
a cushion, the pores of the cushion undergo a greater 
compression than those of the glass, and consequently 
the ether of the cushion must pass into the ^lass, 
and produce in it a positive or increased eleclncity, 
aa I have already shown. But on substituting a 
globe of sealing-wax or of sulphur in place of th» 

Slass, these substances beingsusceptible of a greater 
Bgree of compression in their pores than the sub- 
stance of the cushion with which the friction is per- 
formed, a part of the ether contained in these globes 
will be forced out, and constrained to pass into the 
cushion: the f;lobe of sealinir-wax or sulphur will 
thereby be deprived of part of its ether, and of course 
receive a negative at diminished electricilv- 

Theelectricity whichabarof iron.or or any other 
metal, receives from communication with a globo 
ofsc'itlinfl^-wat or sulphur, it of the same nature : as 
is aUo that which is coitiniiniicaled to a man placed 
on a lump of pitch, or suspended by cords of silk. 
When such a man, or any other body with open 
pores electrified in the same manner, is touched, 
nearly the same phenomena'are observable aa iiithe 
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ease of positive electricity. The touch is here like- 
wise accompanied with a spark, and a puncture on 
both Bides. The reason is obvious; for the ether 
which in this case escapes rrom bodies in their 
natural state, to enter into electrilied bodies, beinff 
under constraint, must be under an agitation which 
produces light. A sensible difference is, however, 
to be remanied in the figure of the spark, according 
a> the electricity is positive or negative. See that 
of positive electricity, Fig. 98. 
Fig. 99. 



If the bar ABpossesses positive electricity.and the 
finger C is presented to it, the light which issues out 
of the bar appears under the form of rays diverging 
from the bar towards the finger m n, and the luminous 
point is seen next the finger. 

But if the bar A B, Fig. 97, is negatively electric, 
F>g. 87. 



snd the finger C is presented to it, the luminous njx 
mn diverge from the finger, and you see the lumi- 
nous point p next the bar. 

This is the principal character by which positive 
is distingtiished from negative electricity. From 
whencesoever the ether escapes, the spark is emitted 
in the figure of rays diverging from that point ; but 
when the ether enters into a body, the spark is a 

*pini*>nt hfwiv." 
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' Tod vill be enabled to see still more deuly the 
difference between positive and negative electncitj, 
after I have explained how it is possible to piodvce 
by one and the same globe or glasa both the species ; 
and this will serve at the same time further to elu- 
^ate UiesB wonderful phenomena of nature. 
Let A B, F^. 98, bo the globe of glass tmniiiff 
Fig. 08. 
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round its axis C, and mbbed aj^inst the cnshion D, 
in an opposite direction to which the globe ie touched 
bf the metallic fliamenta P attached to the har of 
"iron F G, which is suspended by cords of silk H and 
I, that it may nowhere loucn bodies with open 
pores. 

This being laid down, you know that by friction 
^ainat the cushion D, the ether passes from the 
casliion into the glass, from which it becomesmoie 
■compressed, and consequently more elastic : it will 
pass, therefore, from thence, by the metallic fila- 
neots F, into the bar of iron F G ; for thouzh tlie 
pores of ^lass are abundantly close, as the etner in 
the globe is continually accumulating by the friction, 
it soon becomes bo overcharged that it escapes by 
themetalUc filaments, and discharges itself into the 
bar, by which this last becomes equally electric. 

Hence you perceive that all this superfluity of 
ether is supplied by the cushion, which would speed- 
ily be exhausted unless it had a free communication 
with the frame which supports the machine, and 
thereby with the whole earth, which is e»ery instant 
supplying the cushion with new ether ; so that as ' 
long as the friction continues, there is a qu^intity ' 
sufficient further to compress that which is in the 
elobe and in tlie bar. But if the whole m^chineiy 
IS made to rest on pillars of glass, aq M and N, or 
if it is suspended by cords of silk, that the cushion 
may hare no communication with bodies whose 
pores are open, which might supply the deficiency 
of ether, it would soon be exhausted, and the elec- 
tricity could not be conveyed into the globe and the 
trer beyond a certain degree, which will be scarcely 
perceptible unless the cushi9h be of a prodigious 
size. To supply this defect, the cushion D is put 
in communication with a large mass of metal E, the 
ether of which is sufficient to supply the globe and 
the bar, and to carry it to such a high degree of 
compression. 

K9 
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Yon will thus procare to the globe an^totbe bar 
a positive electricity, as has beeo alreadr exfdained. 
But in proportion as they become Burcharged with 
ether, the cushion and the metallic mass B will low 
the same quantity, and thereby acquire a negativo 
electricity: so that we have here at once the two 

rue« of electricity ; the positive in the bar, and 
negative in the metallic mass. Each prodncea 
it* effect conformably to its nature. On preeentini 
a finger to the bar, a spark with divergent rays wul 
issae from the bar, and the luminous point will be 
aeen towards the finger; but if von present the finger 
to the metallic mass, the spark with divergent nn 
will issue from the finger, and you will see Qie ui- 
Bunous point towards the mass. 

Let us suppose two men pilaced on lumps of pitch, 
to cot off all communication between them and 
bodies with open pores; let the one touch the bar, 
and the other the metallic mass, while the machine 
is put in motion : it is evident that the former will 
become poulively electric, or surcharged with ether; 
whereas the other, he who touches the metallic 



Here, then, are two electric men, but in a manner 
totall}' different, though rendered such by the same 
mai^me.' poih will be surrounded by an eleic- 
tric atinoephere, which in the dark will appear like 
the light that painters throw about the figures of 
-saints. The reason is, that the superfluous ether 
of the one insensibly escapes into the circumambient 
air; and that, with respect to the other, the ether 
contained in the air insensibly insinuates itself into 
his body. This transition, though insensible, win 

be accomp; ■ ■ ■ ■ 

produces u_ 

It is evident that these two species of electrici^ 
are directly opposite ; but in order to have a thorough 
condcUon of it, let these two join hands, or otuy 
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toach toA j>theT, and jt 
■pBihr isne from their w 
will feel very acute pain. 

If they were electrified in the same maimer, which 
would be the case if both touched the bar or the 
metallic mssa, they might safely touch each other ; 
no ^larit and no pain would ensue, becauae the 
ether contained in both would be in the same state ; 
whereas, in the case laid down, their state is directly 
oppoaite. 

9Sa JiJy, 1781. 



LETTER XXXIV. 
The Leydm JStptrmait. 

1 sow proceed to describe a pbeDomenou of elec- 
tricity wnich has made a great deal of noiae, and 
which is known by the name of the Leydai tgptri- 
mettt, because Mr. Miuchenbroect, profeasor at Ley- 
den, is the inventor of it.* What is most ast^iniab- 
ingin thia emeriment is the terrible stroke resulting 
from it, by wnich several persons at once m^^ re- 
ceive a very violent shock. 

Let C, fy. 99, be a globe of glass, toned round 
by means of the handle E, and rubbed by the cushion 
D D, which is pressed upon the globe by the spring O. - 
At Q are the metallic filaments which transmit the 
electricity into the bar of iron F G, by the metallic 
chain P. 

Hitherto there is nothing different from the pro- 
ceaa already described. But in order to execute the 




ram levden bzpebimeht. 




experiment in question, to the bar is attached an- 
other chain of metal H, one extremity of which I is 
introduced into a dasa boMe K K, filled with water: 
the bottle too is placed in a basin L L, likewise filled 
yith water. You plunge at pleasure into the water 
in tite basin another chain A, one end of whichdrags 
on the floor. 

Having put the machine in motion for some time, 
that the bar may become aufficientlv electric, you 
know that if the finger were to be presented to the 
extremity of the bar at u, Ihe usual stroke of elec- 
tricity would be. felt from the spark issuing Out of 
it. But were the same person at the same time to 
put the other hand into the water in the basin at A, 
or were he but to touch with any part of his body 
the chain plunged in that water, he would receive a 
stroke incomparably more violent, by which liis 
whole frame would undergo s severe agitation. 

This shock may be communicated to many per- 
sons at once. They have only to join hands, or to 
touch each other, were it but by the clothes ; then 
the 'fint puts his hand into the water in the basin, or 
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touches the chain only, one end of which ii phmged 
into it ; and as soon as the last person appliMhig 
finger to the bar you nill see a epark dart Aom it 
much more vehement than usual, and the whole 
chain of persona feel, at the same instant, a reiy 
violent shock over their whole body. 

Such is the famous Lej'den experiment, which ia 
BO ranch the more aurpnsing, that it is diffieuQt to ■ 
see how the bottle and the water in the, basin con- 
tribute to increase so considerably the effect of the 
electricity. To solve this difBciuty, permit me to 
make the following reflections. 

1. While bv the action of the machine the ether 
is compressea in the bar, it passes by the chain H 
into the water (M)ntained.iD ihe bottle I, and there 
nesting a body with open pores, the water in the 
bottle will become as much surcharged with ether 
ae the bar iUelf. 

a. The bottle, being glau, has its pores close: 
and therefore does not permit the ether compressed 
within it to pierce through the substance of the 
glass, to discharge itself into the water in the basin; 
conseouently, the water in the basin remains in ita 
natural stal^ and will not become electric ; or even 
,on the supposition that a little of the ether might 
Ibrce its way through ths glass, it would presenuT 
be lost in the basin and peristal, the pores of whicn 
are open. 

3. Let OB now consider the case of a man with 
one hand in the water in the basin, or only in con- 
tact with the chain A, one extremity of which is 
immersed in that water; let him present the other 
hand to the bar at a, the result will be as the firat 
effect, that with Ihe spark which issues from the 
bar the ether will make its escape with great ve- 
locity, and meeting everywhere in the body of the 
man open pores, wiU without obetniction be difltased 
over it. 

4. Hitherto we tee only the nsnid effect of el«o- 
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tricity ; but while the ether with mch rapidity flies 
over the body of the man, it discharges itself with 
equal rapidity, by the other hand, or by the chain A, 
into the water in the basin; and aa it enters thte 
with Huch impetuosity, it will easily overcome thp 
obstacle opposed by the glass, and penetrate into the 
water which the bottle contains. 

5. Now the water in the twtile containing already 
■n ether too much compressed, it will acquire from 
this increase new force, and will dWuse itself with 
impetuosity, as well throush tho chain I H as 
through the bar itself: it wiQ of consequence make 
its escape thence at a with new effbrta ; and as this 
is performed in an instant, it will enter into the finger 
with increased force to b« diBiised over tho whole 
body of the man. 

6. Passing thence anew into the water in the basin, 
and penetrating ihe bottle, it will increase still fur- 
ther the agitation of the ether compressed in the 
water of the bottle and in the bar; and this will con* 
^nne till the whole is restored to equilibriuoi, wltich 
will quickly take place, from the great rapidity with 
which the ether acts, 

7. The same thing-^l hajlpen if you employ 
several persons instead ot one man. And nowl 
flatter mynelf, you fully comprehend whence arises 
the surprising increase of force in the electricity 
which is produced by this experiment of Mr. Mu*~ 
ehmbroeei, and which exhibits effects so prodigious. 

8. If any donbt could remain respecting what I 
have advanced, that the ether compressed in the 
water of the bottle could not penetrate through the 
glass, and that afterward I have allowed it a paasan 
abundantly free— such doubt will vanish when it is 
considered, that in the first case every thing is in a 
state of tranquillity, and in the last the ether is in a 
terrible agitation, which must undoubtedly assist iti 
progress through the closest p 

38tA Ms, 1701. 
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LETTER XXXV. 

Befitettonion the Cavie and Nature of Electricity, and 
«rt other Meant proper to produce it. 

Atteb these elucidations, you can be at no loss 
respecting the cause of the prodigious effects ob- 
■ervable in the phenomena of electricity. 

Moat authors who have treated the subject, per- 
plex the experiments in auch a maxiner that Ihey are 
rendered absolutely unintelligible, eapeciaUy when 
they attempt an explanation. Tliey have recourse 
to a certain sublile matter, which they denominate 
IJm electric Jtuid, and to which they ascribe qualities 
ao extravagant, that the mind rejects them with con- 
tempt i and they are constrained to acknowledge, at 
leuKt'h, that all iheir etTortg are insufficient to furnish 
US with a solid knowledge of these important phe- 
nomena of nature. 

But you are enabled to conclude, from the prin- 
ciples which I Jiave unfolded, that bodies evidently 
become electric only soYar* as the el&sticity, or the 
itate of the compression of the elher in the pores of 
bodies, is not the same as everywhere else ; in other 
words, when it la more or less compressed in some 
than in others... For in that case the prodigious 
elasticity with which the ether is endowed makes 
violent etibrts to recover its equilibrium, and to re- 
store everywhere the same degree of elasticity, as 
far as the nature of the porea, which in different 
bodies are more or leas open, will permit ; and it is 
the return to equilibrium which always produces the 
phenomena of electricity. 

When the ether escapes from a body where it is 
more compressed, to discharge itself into another 
where it is less so, this passage is always obstructed 
by the close pores of the air ; hence it is put into a 
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entua agitation, oi Tiolent motion of nbratioii, in 
which, as ire have seen, light cooaiBta ; and the mora 
violent thia motion is, the more brilliant the lisht 
becomes, till it is at length capable of setting bodieft 
on fire, and of buroing them. 

While the ether penetrates the air with so much 
force, the particles of air are likewise put into a mo- 
tion of vibration, which occasions sonnd ; it is ac- 
cordingly obserred, that the phenomena of eloctri- 
city are accompanied with a oracking noise, groatsr 
or less, according to the diversity of circumstances. 

And as the bodiea of men ana animals are filled 
with ether in their minutest pores, and aa the action 
of the nerrea seems to depeiid on the ether con- 
tained in them, it is impossible that men and animab 
should be indifferent with respect to electricity : and 
when the ether in tfaem is put into a great agitation, 
the effect must be very-aensible, and, according to 
circumstances, sometimes salutary, and sometimes 
hurtful. To this last class, undoubtedly, must be 
referred the terrible shock of the Leyden experi- 
ment ; and there is every reason to beUeve tt^ it 
might be carried to a degree of force capable of kill- 
ing men, for by means of it many small anima]fl,aQch 
aa mice and birds, have actually been killed. 

Hough friction usually is employed in the pro- 
duction of electricity, you will easily comprehaod 
that there may be other means besides this. What- 
ever is capable of carrying the ether contained in the 
pores of a body to a greater or less degree of com- 
pression than ordinary, renders it electric : and if its 
pores are close, there the electricity will be of sonae 
duration ; whereas, in bodies whose pores are open 
it cannot possibly subsist, unless surrounded by air, 
or other bodiea with close pores. 
■ Hence it has been observed, that heat frequently 
anppltes the place of friction. When you heat or 
melt sealing-wax or sulphur in a apoon, you discover 
a very sensiUe electricity in these anbatancea alter 
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the; are cooled. The resMiii is do longer a myatery, 
u we know that beat enlargea the pores of all bodies, 
fortheyoccup7 a greater ^ace when hot than when 
thev are cold. 

Yoa know thai in a thennomater the msrcoiy 
rises in heat and falls in coU; becanae it occupies 
a greater space when it is hot, and fills the tube 
more than when it ia cold. We find, for the same 
reason, that a bar of iron very hot is always some- 
what longer than when cold— ^ property conuuoD to 
all bodies with which we are acquaint^. 

When, therefore, we melt by fire a mass of seal- 
ing-wax or sulphur, their pores are enlarged, and 
probably more open ; a greater quantity of ether must 
of course be Introduced to fill them. When, after- 
ward, these substances are suffered to cool, the pores 
contract and close, bo that the ether in them is re- 
dnced to a smaller space, and consequently carried 
to a higher degree of compression, which mcreases 
its elasticity ; these^asses will acquire, therefore, 
a positive electricity, and must consequently exhibit 
the effects of it. 

This property of becoming electric by heat ia 
remarked ia most precious stones. Nay, there ia 
a stone named tinirmaline, which, when rubbed or 
heated, acquires at once the two species of electri- 
city. Tbe etherinonepartofthe stone is expelled 
to compress more that which is in the other part; 
uid its pores are too close to permit the re-establiah- 
ment of the equilibrium.* 

Ui Auguft, 1761. 
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LETTER XXXVi. 

Natitre of Thander : Explattationt of the AmUiU Pla- 
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Bnrprise, thai thunder and lightning, s . . 

the terrible phenomena which accompany them, 
derive their orig:iii from the satne principle ; and that 
in these nature eieciites on the great scale what 
naturalists do in miniature by their experiments. 

Those philosophers who thought they saw some 
resemblance between the phenomena of thunder and 
thoseof electricity were at first considered as vision- 
aries ; and it was imagined that they made use of 
this pretence merely as a cover to their ignorance 
respecting the cause of thunder; but you will soon 
bo conviDced. that every other explanation of these 
grand operations of nature is destitute of fouoda- 
fioa. 

In truth, every thing advanced on the subject pre- 
TiouB to the knowledge of electricity was a mass of 
absurdity, and little calculated to convey instruction 
Tespecting any of the phenomena of thunder. 

Ancient philosophera attributed the cause of it U> 
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ralphnreons and bitumiDMis T8{>oun, which, ascend- 
ing from the e^h into the air, mixed witb th« 
clouda, where they caught fiie from some unknown 
cause. 

DeKortei, who quickly perceived the insufficiency 
of this esplajiation, imagined another cause in the 
clouds themselves, and thought that thunder might 
be produced by the sudden fall of more eleralad 
clouds on others in a lower region of the air ; ttut 
^e air contained in the intermediate space was com- 
pressed by this fall to such a degree as was capable 
of exciting a noise so loud, and even of producing 
lightnin? and thunder, though it was impossible for 
hint to aemonstrate the possibility of it. 

But Without fixing your attention ou false ezpU- 
nalions, which lead to nothing, 1 hasten to inform 
you that it has been discovered by incontestaUs 
proofs that the phenomena of thunder are ilwajm 
accompanied by Che moat indubitable marks of elec- 
tricity. 

Let & bar of metal, say of iron, be placed on x 
piUar of glass, or any other substance whose por«s 
are close, that when the bar acquires electricity it 
»a^ not esciqw or communicate itself to tb« bodf 
whicli supports the bar ; as tiooa as a thnnder-stoni 
wises, and the clouds which contain the tbiuder 
come directly over the bar, you perceive m it a venr 
strong electricity, generally far surpassing that whica 
art produces ; if you apply the hand to it, or any 
other bodv with open pores, you see bursting (torn 
it, not only s spark, but a very bright flash, with a 
noise simuar to thunder; the man who applies hia 
band to it receives a shock so violent tlut he ii 
stunned. Thissurpasseacuriosity; snd there is good 
reason why we should be on our guard and aol a^ 
{woach the bar during a stonn. 

A professor at Petersburg, named Biehmmn, liai 
flnniAedanMlancbolyoxan^ile. Hafing peneind 
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a resemblance so Btriktnff between the phenomena 
of thunder and those of electricity, this unfortnnate 
naturalist, the more clearly to ascertain it by eiperi- 
nent, raised a bar of iron on the roof of his house, 
cased below in a tube of glass, and aupported b^ a 
mass of pitch. To the bar he attached a wire, which 
bs condueted into his chamber, that as soon as the 
bar should become electric, the electricity might 
have a free communication with the wire, and so 
enable him to prove the effects in his spartment. 
And it may be proper to inform you, that this wire 
was conducted m snch a maimer as nowhere to be 
in contact but with bodies whose pores are close, 
such as glasB, pitch, or silk, to prevent the escape 
of the electricity. 
Having made this arrangement, he expected a 



iras all attention to his wire, to see if he could per- 
K»ive any mark of electricity. As the storm ap- 
proached, he judged it pnideilt to employ some pre- 
caution, and not keep too near the wire ; but hap- 
pening carelessly to advance his cheat a little, he 
received a terrible stroke, accompanied with a loud 
clap, which Stretched him lifeless on the floor. 
■ About the same time, the late Dr. LieieriuAn and 
Dr. Ludolfweie preparing to make similar ezperi- 
meata in this city, and with that view had fixed bars 
of iron on their houses ; but being informed of the 
disaster which had befallen Mr. Rkhmarm, they had 
the'bara of iron immediately removed; and, in my 
opinion, they acted wisely. 

From this you will readily judge, that the air or 
atmosphere must become very electric during a 
thunder'Storm, or that the ether contained in it must 



a -into tho bar, because of its open pores; 




and it win become electric, as it would bars been 
in the comnuuL method, but in a moch higbet da- 
gree. 

LETTER XXXVIL 



Tarn expeiiments now mentioned inconlMtaUy 
demoDBtrate, therefore, that stormy clouds are ex- 
tremelv electrical, and that consequently their porea 
are einier suichai^ed with ether, or exhausted, as 
boUi statea are equally adapted to electricitT. But 
I have very powerful reasons for believing that this 
electricity is positive, thai the ether in them is com- 
pressed to the highest degree, and consequently ao 
much the more elastic than elsewhere. 

Such storms usually succeed very sultry weather. 
The pores of the air, and of the vapours floating in 
it, are then extremely enlarged, and filled with a 
prodigions quantity of ether, which easily takes pos- 
session of ul the empty spaces of other substances. 
Bat when the vapours collect in the superior re- 

g'ans of our atmosphere, to form clouds, they have 
encounter excessive cold. Of this it is impossible 
to doubt, from the hail which is frequently formed 
io these regions: this is a sufficient proof of^a conge- 
lation, as well as the snow which we find on the top* 
of very high mountains, such as the Cordilleras, 
while extreme heat prevails below. 

Nothing thenis more certain, or better established 
t^ proof, than the excessive cold which universally 
prevails in the upper regions of the atmoiqiherKi 
where clouds are formed. It is equally certam, ^at 
cold contracts the pores of bodies, by reducing them 
to a smaller size : now, aa the pores of the vapouia 
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ban been ta^temeij enlarged by the best, as toon 
■M they are formed alod into clonds, the pores con. 
tract, and the ether which filled them, not betn^ ^le 
to e«csq>e, becaiue those of the sir are vety close, it 
most needs remain there : it will be of course com- 
jnreised to a much higher degree of density, and 
canseqnentty its elasticity will be so much the 
greater. 

The real state of stormy clouds, then, is this— the 
ether contained in their pores is much more elastic 
tban usual, or, in other words, the clouds haTB a 
poaitive electricity. A » they are only an assemblage 
of humid vapours, their pores are very open;- bat 
being surronnded by the air, whose pores are close, 



this ether could not escape but very imperceptibly. 
But if any person, or any body whatever with open 
pores, were to approach it, the same phenomena 



wbich electricity ezbibite would present themselves ; 
a very vehement spsric, or rather a real Aaah, would 
burst forth. Nay more, the body would undergo k 
very violent shock by the discharge, from the in- 
petuosity with which the ether in U)e cloud wtrald 
rush into its pores. This shodc mi^t be iiuleed so 
violent as to destroy the structure ; sod, finally, the 
terrible agitation of the ether which buists from the 
cloud, bemg not only light, but a real fire, it might 
be capable of kindling and consuming combustible 
bodies. 

Here, then, you will distinguish all the circum- 
stances which Bcdbmpany thunder; and as to the 
noise of thunder, the cause is ver^ obvious, for it ik 
impossUile the ether should be in such a state of 
agitation without the air itself receiviur from it 
the moat violent concussions, which forcil^ impel 
the particles, utd excite a dreadful noise. Thmder, 
^n, bursts forth as often as the force of ether 
contained in the clonds is capable of penetrating 
iaXo a body where the ether is in its natural state, 
and whose poies are i^en : it is not evea dmm* 
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ury that such body should immediatelf touch the 
cloud. 

What I have said respecting the atmoBphera of 
electrified bodies principally takes place in clouds ; 
anl frequently, danng a storm, we are made sensible 
of this electnc atmosphere by a siiOing air, which is 
particularly oppressive to certain }>ersons. As sooo 
as the cloud hegins to dissolve into rain, the air, 
becoming humid by it, is charged with an electricity, 
by which the commotion may be conveyed to bodies 
at a very great distance. 

It is observed that thunder usually strikes very 
elevated bodies, such as the summits of chnrch-spires, 
when they consist of substances with open pores, as 
all metals are ; and the pointed form contributes not 
a little to it. Thunder frequently falls likewise on 
water, the pores of which are very open ; but bodies 
with close pores, as glass, pitch, sulphur, and silk, 
are not greatly susceptible of the thunder-stroke, 
unless they are very much moistened. It has been 
accordingly observed, that when thunder passes 
through a window, it does not perforate the glass, 
but always the lead or other substances which unite 
the panes. It is almost certain, that an apartment 
of BlasB cemented by pitch, or any other sulwtance 
with close pores, would be an effectual security 
agsinst the ravages of thunder. 

atA Augvit, 1761. 
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Conlinualuin. 

, then, is nothing else but the eflbct of 
tiie electricity with which the clouds are endowed ; 
and as an electrified body, applied to another in its 
natural state, emits a spark with some noise, and 
diacharges into it the tapeTfiuoos ether with pro- 
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digknii impetnoatt^, the eame thii^ takes place in a 
«)oud that i« electric, or aurchar^d vith ether, bat 
with a force incomparably greater, because of the 
terrible maaa that is electrified, and in which, ae- 
cording to every appearance, the ether is reduced to 
a roach hiriier de^ee of compression than we are 
capable of producmg in it by our machinely. 

When, therefore, such a cloud approaches bodies 
prepared for the admission of its ether, this die- 
chaive must be made with incredible violence : in- 
atead of a simple spark, the air will be penetrated 
with a prodigious flash, which, exciting a comrDotion 
in the etber contained in the whole adjoining region 
of the atmosphere, produces a most brilliant .light ; 
and in this lightning consieta. 

Hie air is at the same time put into a very vio- 
lent motion of vibration, from which restlta the 
noise of thunder. This noise must, no doubt, be 
vzcited at the same instant with the lightning ; bnt 
you know that sound alwajs requires a certain 
onantity of time, in order to its transmission to any 
aistaiice, and that its progress is only at the rate of 
about eleven hundred feet in a second; whereas 
^fat trsvele with a velocity inconceivably greater. 
&De« we always hear the thunder later than we 
M« the li^itning; and from Ae number of aeconda 
intervening between the HaA and the report, we are 
onabled to determine the distance of the tdace 
yrben it is generated, allowing eleven hundred feet 
to a second. 

The body itself, into which the electricity of the 
ckmd is discharged, receives from it a most dreadM 
■troke ; sometimes it is shivered to pieces—some- 
time* aet on flre and consumed, if combustible — 
somatimas melted, if it be of metal; and, in sucb 
eaaes, we say it is thnndei-atrack, the effects of 
iriiicb, however aurpriaing and extraordinary ther 
may appear, are in perfect consistency with the weQ- 
known j^tenomena of elecbicity. 
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A svord, it is known, has sometimeB been by 
thunder melted in ihe scabbard, while the last sus- 
tained no injury: this ia to be accounted for rrom 
the openaesa of the porea of ihe metal, which the 
ether rery easily penetrates, and exercises over it 
ali its powera; whereas the substance of the scab* 
bar^ is more closely allied (o Ihe nature of bodies 
with close porea, which do not permit the ether so 
Xree a transmission. 



been struck by it ; and that those who were in the 
middle suffered no injury. The cause of this phe- 
nomenon likewise is manifest. In a group exposed 
to a thunder-storm, they are in the greatest dsoger 
who stand in the nearest vicinity to the air that is 
surcharged with ether ; as soon as the ether is dis- 
charged upon one, all the adjoining air is brought 
back to its natural state, and consequently those 
who were nearest to the unfortunate victim feel no 
eCfect; while others, at a greater distance, where 
the air is still sufficiently surcharged with ether, an 
struck with the same thunder-clap. 

In a word, all the strarue circumstances so fre- 
quently related of the ellects of thunder contain 
oothiag which may not be easily reconciled with 
the nature of electricity. 

Some philosophers have maintained, that thnndei 
does not come from the clouds, but from the earth, 
or from bodies. However extravagant thia senti- 
ment may appear, it is not so absurd, as it is difficult 
to 'distinguish in the phenomena of electricity 
whether the spark issues froq) the body which is 
electrified, or from that which is not so, as it etjually 
ffils the space between the two bodies; and if the 



body. Sut we are sufficiently asaured, ttast in than- 
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der tbe clouds have a poailive electricity, and ttiat 
the ligbtniiiK is emitted rrom the clouds. 

You will M justifiable, however, in asking, if b^ 
ereiy stroke of thunder some terrestml body is 
affected 1 We see, in fact, that it very rarely strikes 
building, or the hmnan body ; but we know, at tbe 
same tune, that trees are irequently affected b^ it, 
and that many thunder-strokes are discharged into 
the earth and into the water. I beliere, however, 
it .might be maintained, that a great many do not 
descend so low, and that the electricity of the clonde 
is very freqaently discharged into the air or atmo- 
Bidwre. 

The' small openins of the pores of the air no 
longer opposes any obetmction to it, when vapoura 
or rain have rendered it sufficiently humid ; for then 
we know the pores are open. 

It may very possibly happen in this case, that the 
superlluous ether of the clouds should be discharged 
simply into tbe air ; and when this takes place, the 
atroVes are neither so violent, nor accompanied with 
90 great a noise, as when the thunder bursts on the 
earth, when a much greater extent of atmosphere is 
put in agitation. 

nth Atigutt, 1761. 
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EffKtt of TtutnAer. 

It has been asked. Whether it might not be poa- 
sitAe to prevent or to avert the fatal effects of thun- 
der 1 You are well aware of the importance of the 
question, wd under what obligation 1 should lay a 
multitude of worthy people, were I able to indicate 
an infallible method of finding protection against 
thimder. 




m at pRBrBHima and ATntiraa 

Tbe knowledge of the nature and «ffi»cto of e1«c- 
tricitv permita me not to doubt that the thinff ia 
pOMJh'^' 1 comaponded eoma time am witn a 



r. ereT7 thnnder-atonn which thraateoed hia own 

habitation and the oeijchbonrfaood, b^ means of a 
machine conatracted on the principlee of electricity. 
SeTeral peraons since arrived from Uiat country 
have assured me that the fact is undoubted, and 
cooflrmed by ineaistible proof. 

But there are many respectable characters wbOi 
on the fluppositicn that the thing is practicable, 
would have their scruptee respecting the lawfulness 
of employins such a preserrative. The anciMil 
pagans, no doubt, would hare conaMered him as 
unplous who should have presnmed to interfere 
with Jupiter in the direction of his thunder. Chris- 
tians, who Hie assured that thunder is the worii of 
God, and that Divine Providence frequently employs 
it to punish the wickedness of men, might with 
eqnal reason allege that it were impie^ to attempt 
to oppose the course of sovereini justice. 

Without involving myself in tnis delicate discus- 
sion, I remark that conflagrations, deluges, and 
many other general calamities are likewise the 
means employed by Providence to punish the sins 
of men ; but no one surely erer will pretend, that it 
is unlawful to prevent or resist the progress of a 
fire or an inundation. Hence I infer, that it is per- 
fectly lawful to use the means of prevention against 
the e6fects of thunder, if they are attainable. 

The melancholy accident which befell Mr. Hieh- 
mann at Petersburg demonstrates that the thunder' 
stroke which this Kenlleman unhappily attracted to 
himself, would undoubtedly have fallen somewhere 
else, and that this place thereby escaped ; it can 
thereforo no longer remain a question whether it be 
possible to conduct thunder to oue place in pfrier- 
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aoce to another ; .aad this aeems to bring nanear 
OUT mark. 

It would no doubt be a matter of still greater im- 
portance to have it in our power to divest the clouda 
of their electric force, without being under the 
necessity of exposing any on« [dace to the ravages 
of thunder; we should in- that case altogether pre- 
vent these dreadful effects, which terrify eo fpreat a 
part of mankind. 

This appears by no means impossible ; and the 
Moravian prieat whom I mentioned above unques- 
tionably effected it ; for I have been assured that bis 
machinery sensibly attracted the clouds, and coo- 
atrained them to descend quietly in a distillation, 
without any but a very distant thunder-clap. 

The experiment or a bar of iron, in a very ele- 
vated situation, which becomes electric en the 
aji^roach of a thunder-slorm, may lead us to the 
construction of a similar machine, as it is certain 
that in proportion as the bar discharges its electricity 
the clouds must lose precisely the same quantity ; 
but it must be contrived in such a manner, that the 
bars may immediately discharge the ether which 
they have attracted. 

It would be necessary fortius purpose to procure 
for them a free communication with a pool, or with 
the bowels of the earth, which, by means of their 
open pores, may easily receive a much greater 
quantity of ether, and disperse it aver the whole 
immense extent of the earth, so that the compres- 
sion of the ether may not become sensible in any 
particular spot. This communication is very easy, 
Dy means of chains of iron, or any other metal, 
which will with great rapidity carry off the ether 
with which the bars are surcharged. 

I would advise the fixing of strong bars of iron, 
in very elevated situations, and several of them to- 
gether, their higher extremity to terminate in a 
point, as this fixure is very much adapted to the 

Vol. II.— M 
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attraction of electricity. I would aftenrard attach 
long chains of iron to these bars, which 1 wottfd 
comluct under ground into a pool, lake, or river, 
tiiere to discharge the electricity; and I have no 
doubt, that alter making repeated essays, the means 
may be certainly discovered of rendering euch ma- 
chinery Jbore commodioQs, and more cBrtain id its 
effect.* ^ 

It ia abundantly evident, that on the approach <^ 
a thunJer-atorm, the ether with which the clou^ 
are surchai;^ would be transmitted in great abun- 
dance into thesB bars, which would thereby become 
very electric, unless the chains fumiahed to the ether 
a free passage, to spend itself in the water and in the 
bowels of the earth. 

The ether of the clouds would continue, therefore, 
to enterouietly into the bars, and would by its agita- 
tion produce a light which might be visible on the 
pointed extremities. 

Such light is, accordingly, often observed during 
a storm on the summit of spires — an infallible proof 
Oiat the ether of the cloud la there quietly discharg- 
ing itself; and every one considers this as a very 
good sign of the harmless absorption of many thun- 
oer-strokes. 

Lights are likewise frequently observed at sea on 
the tops of the masts of ships, known to sailors by 
the name of Cailor and Pollui ;j and when such signs 
are viaible, they consider themselves as safe trom 
the stroke of thunder. 

Most philosophers have ranked these phenomena 
among vulgar superatitions ; but we are now fully 
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Hsured that snch sentiments ar« not witbout foan- 
dMion; indeed, tliey are infinitely, better fmuded 
thin niany of our philosophical reveries.* 
I6tt AvgTut, 1T61. 



On the etUbraied Problem of the Longitude : General 
Description of ike Earth, of Us Axil, its Iwo Poles, 
and the Equator. 

Yon will l^y this time, no doubt, ima^ne that 
enough has been said of elactricity i and indeed I 
have nothing fuHher to add on that Bu^ject ; and am, 
of course, not a Ifttlo embarraaBed about the choice 
of one worthy ofyoitr attention. 

In order to determine my choice, I think myself ; 
obliged to take into consideration those Bubjecta 
which most materially interest human knowledge, 
BOd which authors of celebrity most frequently bnng 
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forward. These are subjects respecting which, it w 
to bepreaumed, peraooB of quality harecomidenble 
iDfonaation. 

As jrou must unquestionabl]' have heard frequent 
mention made of the celebrated problem of the lon- 

E'tnde, for the solutiori of which the British nation 
IB proposed a most mag^nificent premiuni^I presume 
that my labour will not be wholly thrown away if I 
employ it ia laying before you a fair state of that 
important question. It has such an intimate coa- 
nexiOQ with the knowledge of our tertequeous globe, 
that it were a shame to be ignorant of it. It will 
accordingly furnish me with an opportunity of ex- 
plaining a variety of iiiteresting articles, which I 
flatter myself you would wish to see elucidated. 

I begin, thed, with a general description of the 

earth, wtuch may be considered as a globe, thou^ 

> it has been discovered by recent observation that its 

niRl figure is a spheroid somewhat flattened ; but the 

difference is so smalt that it may for the present be 



earth are two points on its surface denominated the 
two poles of the earth. Sound these two points the 
globe of the earth every day revolves, as you turn 
a ball fiied between the two points of a turning ma- 
chine. This motion is called the daily or diurnal 
motion of the earth, each revolution of which is per- 
formed in ^>ont twenty-four hours; or, to speak 
according to appearances, you know that the whole 
heavens, which we consider as aconcave ball, within 
whose circumference the earth revolves, appear to 
turn round the earth in the same space of twenty- 
four hours. This motion is likewise performed 
round two fixed points in the heavens, denominated 
the poles of heaven; now if we conceive a straight 
line drawn from one of these poles of heaven to the 
other, that line will pass through the cmtte of t)w 
eartL 
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But you will easily comprehend that the appesr- 
SDce mnst be the same, whether the earth tnnu round 
these poles while the heavens remain in a state of 
rest; or whether the heavens revolve round their 
poles, the earth remaining at rest. On either sup- 
position we are equally 1^ to the knowledge of tha 
polesof the earth, the foundationnot onlyof astrOB- 
omy, but likewise of geographv. 

Let Fig. 100 represent the globe Fig, 100. 
of the earth, whose poles are at 
the points A and B; one of these 
poles. A, is named Ihe amith or ani- 
arcHcpole, the other, B, is denom- ; 
inated the north or areiic pole. This 
last is nearer to tlie region of the 
^be which we inhabit. 

I remaii that these two poles 
SM directly opposite to each other; in olherwords, 
were a stmiglit line A B to be dra^ directly througli 
the earth. It would pass precisely through the mid- 
dle C, that is to say, through the centre of the earth. 
This slmight line A B has nccordingly its appro- 
priate name, and is called the axis af Ihe earth, which 
DMng produced in both directions to tlie heavens, 
will terminate in the two points which are called the 
poles of heaven; and to which we give the same 
names as to those of the earth. 

These two poles of the eartfi are by no means a 
mere fiction, or a speculaiion of astronomers and 
geographers; but are really most essential pwints 
marked on the surface of our globe ; for it is well 
known, tliat the nearer we approach these two points, 
tiie colder* and more ru^ed the face of nature be- 
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comes, to sacb a degree that tb« regiona acljaeeia to 
the poles are absolutely uoinbabi table, from the ex- 
cesBive cold which prevails there during the winter. 
No one inBtance, accordingly, has been produced of 
any tmveDer, whether by land or water, who has 
reached either of the polea. It may be affirmed, 
tbarefore, that these two spots of the earth are alti>> 
gether inaccessible. 

Haring thus deteimined the two poles of the earth 
A and B^ we maycoaceive the whole globe divided 
into two heniispherta, D B E aud DAE, each of 
which terminates ia one of the poles as its summit 
For this purpose we are to suppose the g'lobe bisected 
through its centre C, so that the section shall be 
perpendicular to the axis of the earth ; this sectioft 
will mark on the surface a circle encompassing tbe 
•■ whole globe, everywhere equally distant from the 
two poles. This surrounding circle is denominated 
the equator. The regions adjacent to it are the 
hottest.andon that account, as the ancients beUeved, 
almost uninhaliitabie ; but they are now found to be 
exceedingly populous, though the heat be there 
almost insupport^le. 

But as you remove from the equator on either aide 
towards the poles, the countries becomes more and 
. more temperate, till at last, on luproaching too near 
the poles, the cold becomes intolerable. 

As the equator divides the earth into two hemi- 
spheres, each bears the name of the pole contained 
in it; thus the half DDE, which contains the north 
pole, is denominated the northern hemisphere, and in 
it is situated all Europe, almost the whole of Asia, 

Cof Africa, and the half of America. The other 
iaphere, D A E, is from its pole denominated tbe 
loathem hemisphere, and contains the greater part 
of Africa, the other half of America, and several 
Isles, which geographers attribute to Asia, as you 
will recollect to have seen in maps o' the world. 
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HiVino diBtinctly fixed the idea of the poles of 
th« earth and of the equator, which you mnch mora 
euily imagine on a globe than I, can represent by » ., 
figure, every other oeceeeaiy idea will readily tblfoif 
from these. 

I mnat, however, subjoin a further elueidation of 
considerable importance. The axis of the earth, 
jiassing from one pole to the other through the cen- 
b'e of the earth, ia a diameter of the glotie, and cou- 
saqaently is double the length of the ndius. A 
radius of the earth, or the distance from every point 
oD the surface to the centre, is computed to bis 3966 
English miles ; the azia of the earth will therefore 
contain 7913 Bng^sb miles. And the equator being 
a circle whose centre is likewise that of the earth, 
it will have nearly the same radius, narfiely 39iW 
miles; the diameter of the eqnator will accordingly 
be 7SI3 miles, and its whole cireomference a6,T3< 
miles nearly : so that^f you were to make a tour of 
the globe, following the track of the equator, you 
must perform a journey of atbost S3,734 English 
mile*. This will give yon some idea of the m^iQ- 
tode of the earth. 

The eqoatn beinff a circle, it is supposed to ba 
diTidedinto360equBlparts,named^mM; a degree 
of the equator contains, therefore, esllnglish mibs,* 
aa g times 360. make neaily 34,196.1 

* TlHH tenlta in Mlf apBrnlmuln. Aa Uh tmta I* i qilianld. 
teWHd u Iha polaa llta an otaiiit, IIh drniiBlkiaea ntOtt DaiUlu <■ 
ataa UJMM Enftiati mllta, and iba clnminreRiK* tt Om atuur 
H,na.lirEDiUi)i nll«' A irotTaiilUcBl mila of M la a d^pia wlU 
Ikralbra cgauln t8:t.» BnflMi Am.-U. 

T TlUa parafnph, aa II atanda, la inlnuHtiOila. A d*|Taa M iBt 
•4DUririaa1»aiM.lK3M^M,»l%(lHclKBiiifBu«oCibaiutk. Th* 
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Every degree is again Bubdivided into 60 oqoal 
parts, called mnatts. so that every minute contaiM 
more than an English mile, or 607fi Engliali feet; z 
»ic<md, being the sixtieth part of a ramute, wiU con- 
lain 101 English feet. 

It being impossible to represent a Fig. 101. 
globe on paper any other way than 
by a circle, you must supply ^^is 
defect by imagination. Accord- 
ingly, A B, Fig, 101, being the two j 
'polcB of the earth, B the norUi, and 
A the south, D M N E will repre- 
sent the eauator, or rather that naif 
of it which is turned towards us, 
the other being concealed on the opposite aide. 

The line D M N E represents, then, a semicircle, 
as well as B E A and B D A i all these semicircles 
having their centres at that of the globe C. It is 
possible to imaipne an infinite number of other aemi- 
circlea, all of them drawn throngh the two poles of 
the earth A and B, and passing through everv point 
of the equator, as B M A, B N A ; these will all be 
similar to (he first, D D A and B E A, though in the 
figure their form appears very different. Imagina- 
tion must correct this, and the fact is apparent on ■ 
teal globe. 

Ail these semicircles drawn from one pole to the 
other, through whatever point of the equator they 
may pass, are denominated meridians; or rather, a 
fitrriilian is nothing else but a semicircle, which oa 
the surface of the earth is drawn from one pole to 
the other; and you can easily comprehend that tak- 
ing any |dace whatever on the surface of the earth, 
fsy the point L, you can always conceive a meridias 
B L M A. which passing throuirh the two polo 
takes in its way the point L. This meridian, then, 
18 named the meridian of L. Supposii^, for ex- 
Ample, Lto be Berlin, the semicircle B L H A would 
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be flie meridian of Berlin ; and the same nuj be 
said respecting every other spot of the earth. 

Yon can represent to yourself, a globe, on the 
Btirfoce of which are described alt the conntriea of 
the earth, the continent, as well as the aea, with its 
ialanda. This artificial ^obe, denominated the («r- 
rMfneJ or terraaueotu globe, you must no doubt be 
acquaioted witn. Aa tQ all meridians which can 
possibly be drawn upon ft, and a great number of 
which actually are traced, L remark, that each being 
a semicircle is divided by the equator into two equu 
parts, each of which is the fourth part of a Circle, 
that is, an arch of 90 degrees. Accordingly, B D, 
B H, B N, B E, are fourth parts of a circle, as well 
>• A D, A H, A N, A E : each therefore coataioa 
60 degrees : and it may be further added, that each 
is perpendicular to the equator, or forms right angles 
with it. 

Again, were s peraon to travel from the point of 
the equator H to the pole B, the shortest road would 
be to pursue the track of the meridian MLB, whicli 
being an arch of SO degrees, will contain 0914 Eng- 
lish miles; the distance to be '■ -■--' — 
the equator to either of the p _ . 

Yea will recoUect that the shortest road from 
place to {dace is the straight line drawn through any 
two places ; here the straight line drawn from the 
point M in the equator to the pole B would fall 
within Uie earth — a route which it is impossible to 
pursue, for we are so attached to the surface of the 
earth that we cannot remove from it. For this rea- 
son, the question becomes exceedingly different 
when it is asked. What is the shortest road leadini 
from one spot on the surface of 3 globe to another 1 
This shortest road is no longer a straight line, but 
the segnent of a circle, descnbed from one point of 
the surface to another, and whose centre is precisely 
that of the globe itself. This is accordingly in per- 
fect harmony with the caae in question ; for ts 
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tnvel from the point M in the equator to the pole 
B, the arch of tne meridian MLB, whiclk 1 nave 
tepreseated as the shortest road, ia in reality a seg- 
ment of the circlff whose centre ia precisely that of 
the earth. 

In like manner, if we consider the spot L situated 
in the meridian D L M A, the shortest road to go 
thence to the pole B willbefhe arch L B; and if we 
know the number of deifree's which this areh con- 
tains, allowing 69 English miles U) a de^ee, w« 
shall have the length of the road. But if you wers 
disposed lo travel from the same spot to the equator 
by the shortest track, it would be necessary lo pur- 
sue the track of the arch of the meridian L M, the 
number of degrees contained in which, reckoning 
69 English miles to a degree, would give tile 
distance. 

We must bo satisfied with expressing these di». 



Taking, then, the city of Berlin for the spot h, we 
find that the arch L M, which leads to the equator, 
contains S3 dezrees and a half; consequently, to 
travel from Berlin to the equator, the shortest road 
is 3S33 English miles. But if any one wore to go 
fVom Berlin lo the north pole, he must follow tSe 
direction of the arch B L, which, containing 37 de- 
grees and a half, would be 3591 English miles. 
These two distances added give 6314 English miles 
for (he extent of the arch B L M, which ia the fourth 
part of a circle, or 90 degrees, which contBia, as w* 
have seen, 94,855 English roilea. 
aid Auguti, 1161. 
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LETTER XLn. 



Of LatttadtfOnd its Influeneem the Seaiolu,md the 

Length of the Day. 

I Ksni once more with the same f ;„. ujg, 
fiSrUTH {Fig. lOS), whitdi must by 
this time he abundantly familiar to 
yoa. The whole circle represents 
the glohe of the earth: the points A u 
and B its two poles ; B the north or 
arctic, and A the south or antarctic ; 
so that the straight line B A drawn ^ 

within the earth and passine through 
its centr* C, ia the axis of it. Again, D M B is the 
equator, which divides it into two hemispheres, D BE 
the northern, and DAE the southern. 

Let us now lake any spot whatever, say L, and 
draw its meridian fi L M A, whicht being a semicir- 
cle, passes through the point L, and the two poles 
B and A. This then is the meridian of the place L, 
divided hy the equator at M into two equal parts, 
making two-rourlhs of a circle, each of which con- 
tains 00 degrees. I remark further, that the arch 
L M of this meridian gives us the distance of the 
place L from the equator, and that the arch L B 
expresses the distance of the same place L from the 
pole B. 

This being laid down, it is of importance to ob- 
serve that the arch L M, or the distance of L from 
the equator, is denominated the lalitude of the place 
h: BO that the latitude of any place on the globe is 
nothing else hut the arch of tne meridian of that 
place, which is intercepted between the equator and 
the given place; in other wohls, the latitude of a 
place is the distance of that place from the equator; 
expressing such distance by degrees, the quantity of 
which we perfectly know as each degree contoinB 
6D Enjlish miles. 
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Yon will readily comprehend that this disUnm 
must be distioguiahed according as the given place 



northern hemisphere, we aay it has ttorth latUude; 
but if it is in the aouUieni hemisphere, we say it is 
in mmM latitude. 

T^iog Berlin as an instance, we eay it ie in ES 
decrees and 33 minutes of north latitude ; the lati- 
tude of Magdeburg ia, in like manner, northern, 59 
defrees and B minutes. But the latitude of Batavia 
in the Bast Indies is 6 degrees 13 minutes sooth; 
and that of the Cape of Good Hope, in Africa, is 
likewise south 33 degT^es 55 minutes. 

I remark, by-the way, that for the sake of abbr»- 
viation, instead of the word iegret we affix a small 
fcipher (°) to the numeral characters, and instead 
of the word minuit a small slsnting bar ('), and in- 
atead of ncmuf two of these (") ; Uiua the latitude 
of the observatoi^ at Paris is 48° 50' 14" N., that is, 
46 degrees, 50 minutes, and 14 seconds north. In 
Peru there ia a place named Vlo, whose latitude has 
been found to be 17° 36' 16" S., that is, 17 dogrees, 
H minutes, and 15 seconds south. Hence vou will 
understand, that if a place were mentioned whos« 
latitude wafl 0° tf 0", such a place would be precisely 
under the equator, as its distance from the equatw 
ia 0, or nothing; and in this case It is unnecessary 
to affix the letter N or S. But were it posaible to 
reach a place whose latitude was 90° N., it would be 
precisely the , north pole of the earth, which ia dis- 
tant from the equator the fourth of a circle, or 90 
degrees. This will give you a clear idea of what ia 
meant by the latitude of a place, and why it is ex- 
pressed by degrees, minutes, and seconds. 

It is highly important to know the latitude of 
every place, not only as eaeential to geography, in 
the view of assigning to each its exact situation on 
geographical charts, but likewise because on tba 




latitude depend the seaaons of the year, tbe iMquaU- 
ties of day and night, and consequently the tanper- 
atore of the place. Aa to places situated diregilj 
under the eqiiatoi, there ia scarcely anv perceptible 
Taiiation of the seaaons; and through the whole 
year the davs and nighla are of the same length, 
namely, IS hours. For Ihia reason the equator is 
likewise deoominated the equinoctial line; but in 
proportion as you remove from the equator, the more 
remarkable is the dllTereacx in the seasons of the 
yettr, and the niore likewise the days exceed the 
nights in sumnier; whereas, reciprocally, the days 
in winter are aa much shorter than the nights. 

You know that the longest daya, in these northern 
latitudes, are towards the commencemeiit of our sum- 
mer, about the Sist of June; the nights, of conse- 
quence, are then the ehortest: and that towards the 
beginning of our winter, about the S3d oi December, 
the days are shortest and the nights longest : so that 
everywhere the longest day is equal to the longest 
night. Now ia every place the duration of the 
longest day depends on the latitude of the place. 
Here, at Berlia, the longest day is 16 hours and 3S 
minutes.andconaequenuythe shortest day in winter 
is 7 hours 33 minutes. In places nearer the equator, 
or whose latitude is less than that of Berlin, which ia 
53° 32', the longest day in summer is less than 16 
hours 38 minutes, and In winter the shortest day is 
more tlian 7 hours 33 minutes. The contrary of 
this takes place on removing farther from the equa- 
tor: at Petersburg, for example, whose latitude is 
&9° 56', the longest day is 18 hours 30 minutes, 
and consequently the night is then oidy S hours 30 
minutes: in whiter, on the contraiy, the longest 
night is 18 hours 30 minutes, and then the day is 
only 5 hours 30 minutes. Were you to remove still 
farmer from the equator, till you came to a place 
whose latitude was 86° 30', the longest day thwe 
would be exactly S4 hours, in otber words, the mo 

Vol. 11.— N 
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wtnild not set at that place ftt that season ; wfa< 
in winter the contraiy takes place, the sun not i 
at -All en the 33d of December, that is, the 
then iasting 34 hours. Now at places still 
remote from the equator, and consequently n 
the pole, for esample, at Warthuvs, in Swedish 
land, this longest day lasts for the space of se 
days together, during which the aun abeotately i 
gets : and the longest night, when the sun never 
at^, ia of the same duration. 

-ware it possible to reach the pole itself, wee] 
have day for six months together, and durini 
other siK perpetual night. From this you cot 
hend of wtut importance it is to know accurate] 
latitude of every spot of the globe. 

and Augu*t,n^i. 



Fig. 103. 



LETTER XLllI. 

0/* Paratielt, of Ihe Firtl Meridian, and of Long: 

Hatiko informed you, that in order to fini 
. meridian of any given place L, it is necessa 
draw on the surface of the 
earth a semicircle B L M A, 
passinK throu^ Ihe two 
poles B and A, and through 
the given place L; IiemaA, 
Fie. 103, that there is an 
infinite number of other 
places .through which this 
same meridian passes, and 
which are consequently all 
said to be situated under 
the same meridian, whether 

in the northern hemisphere, 1 

(he southern, between M and A. 
Now, all th« places situated under the S 




1, between B and M, 
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ridisn differ m to latitude, some being nearer to, or 
more remote from, the equator than otheri. nus, 
the meridian of Berlin passes through the olty of 
Meisse, and nearly through the port of Trieste, u 
well as many other places of less note. 

Yon will likewise please to observe, that a great 
many places may hare the same latitude, that is, 
may be etyially distant from the eqoator, but aH of 
them silu^ed under difTerent merid^s. In f^ct, if 
Lis the city of Berlin, whose latitude, or the archLM, 
contains 53° 33', it is possible that there should bo. 
under any other meridian B N A, a place I, the lati- 
tude of which, or the arch I N, snail likewise b« 
63° 3^; such are the points F and G, taken in the 
meridiansBDA, BBA. And as a meridian maybe 
drawn through every point of the equator, in which 
there shall be a place whose latitude is the same with 
that of Berlin, or the place L, we shall have an in- 
Anite nuniber of places all of the same latitude. 
They will be all situated in the circle T L I G, all ihe 
points of which being equally distant from the equa- 
tor, il is denominated a parallel circle to the equator, 
or simply a parallel. A parallel on the globe, then, 
LB nothing else but a circle parallel to the equator, 
that is, ail the points of which are equidistant from 
it 1 hence it is evident thai all the points of a parallel 
are likewise equidistant from the poles of the earth. 

As it is possible to draw such a parallel through 
every place on the globe, we can conceive an infimte 
number of them, afl differing in respect of latitude, 
each having a latitude, whether north or south, pe- 
culiar to itself. 

Yon must likewise be abundanUy sensitde, that the 
greater the latitude is, or the nearer you approach to 
either of the poles, the smaller the parallels become ; 
till at last, on coming to the very poles, where the 



latitude is 00°, the parallel is reduced to a sinsle 
point. Bat, on the contrary, as you approach mm 
equator, or the smaller the latitude is, (he gnaler 
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tre the parallelfli till at last, when the latitude 
becomes 0, or nothing, the parallel is lost in the 
aquatoi. It is accordingly by the latitude that we 
diBtinguiah them ; thus, tbe parallel of 30° is that 
which passes through every place whose latitude is 
30 degraes ; but it is necessary to explain yourself, 
sccording as ^ou mean north or south latitude. 

On consulting an accurate map, you will observe 
thai Hanover iq situated under the same parallel 
with Berlin, the latitude of both being 52" 33' : and 
that the cities of Brunswick aiid Amsterdam Tall 
nearly under the same parallel ; but that the me- 
ridians passing through thcae places are different. If 
yon know the meridian andthe parallel under which 
any place is situated, you are enabled to ascertain its 
actual position on the globe. If it were affirmed, for 
«zample, that a certain place ia situated under the 
meridian B N A, and the parallel F L G, you would 
only have to look where the meridian B N'A is inter- 
sected by the parallel F L G, and the point of inter- 
aection I, will give the true position of the given 
place. 

Snch are the means employed by geographers to 
^tennine the real situation of' every place on the 
face of the globe. You- have only to aecertain ita 
(laj'allel, or the latitude, and its corresponding me- 
ridian. As to the parallel, it is easy to marK and 
diatinguish it from every other; you have only to 
indicate the latitude or distance from the equator, 
according as it is north or south : but how describe 
B meridian, and distinguish it from every other! 
They have a perfect resemblance, they are all equal 
to each other, and no one has a special and diatioctive 
mark. It depends therefore upon ourselves to make 
choice of a certain meridian, and to fix it, in order 
to refer all others to that one. If, for example, in 
Fig. 103, ip. H8), referred to at ihe beginning, we 
were to fix on the meridian B D A, it would be easy 
to indicate every other meridtao, say B H A,by aim^y 
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BBcertaining on the equator the arch D M, contained 
between the fixed meridian BDA and the one in 
question BMA, addintr only in what direction vou 
proceed from the fixed meridian towards ihe other, 
whether from east to west, or wesi to east. 

This fixed meridian, to which ever; other Ib re- 
ferred, is called the Jirit meridian ; and, the choice 
of this meridinn being artiilrary, you will not think 
it Ktrmge that different nations should have made a 
different choice. The French have fixed on the isle 
of Ferro, one of the Canaries, for chisjpurpose, and 
draw their first meridian through it. The Germans 
and Dutch draw theira through auoilicr of the Canary 
islands, called Teneriffe. But whether you follow 
the French or German geographers, it is always 
necessary carefully to mark on the equator the point 
through which the first meridian passes; from this 
point you afterward reckon by degrees the points 
throng ybich all other meritUans pass i ami both 
French and Genaane have agreed to reckon from 
west to east.* 

If, therefore, in Fig. 103, (p. 146), to which I have 
already referred, the semicircle B D A be the first 
meridian, and the pointa of the equator M and N were 
situated towards the east, yon have only, in order to 
mark any other meridian, say B M A, to indicate the 
magmtude of the arch D M ; and this arch is what 
we call the iongitude of all the places situated under 
the meridian BMA. In like manner, all the places 
otuated under themeridianlBN A hav« their longitude 
deteminedby the arch of the equator DN, expressed 
in degrees, minutes, and seconds. 

MfA Avgutt, 1761. 
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LETTER XLIV. 
CAake of the Firtt MerUiai 



Yoa hnve now received complete infonnation 
respecting what is denoroiaated the latitude and the 
lon^lude of 8 plnce on the surfnce of the globe. 
Latitude is rorc[)Uted on the meridian of the given 

5 lace, up to the equator ; in other words, it is the 
iatance of the parallel piLsainf; throufch that place 
firom the equator ; and to prevent all ambigfuitjr, it ia 
necessary to exprcsa whether thia latitude or distance 
la north or south. 

As to longitude, we must determine the distance 
of the meridian of the given place from the Bret me- 
ridian ; and this distance is computed on the equator, 
from the first meridian to the meridian of the ffiven 
place, alwa);s proceeding from west to cast ; in other 
words, longitude is the distance of the meridian of 
the given place from the first computing the degree* 
on the equator, as 1 have just now said. 

Wie always compute, then, from the first meridian 
eastward ; and it i» evident, that when we have com- 
' puted up to 360 ilegrees, we are brou§(ht back pre- 
cisely to the fir^t meridian, as 360 degrees complete 
the circumference of the equator. Accordingly, 
were any par^ular place found to be in the SSflth 
' degree of loiiginide, the meridian of that place would 
be only one deip^e distant from the first meridian, 
but towards the west. In like manner, 360° of loo- 
giiude would exactly correspond with a distance of 
"■ 10" westward. For this reason, in order to avoid 
all ambiguity in determining longitude, we go on to . 
■«ckon up to 360° towards the east. 

You will no doubt have the curiosity to know 
why geographers, iji settling the first meridian, hare 
agreed to fix on one of the Canary klanda. I lie; 
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leave U) replv, that the intention was to begin with 
settting the litnite of Europe towardB the west ; and 
as these islands, called the Canaries, and situated in 
the Atlantic Ocean, beyond Spain, towards America, 
were still considered as part of Europe, it was 
t}iought proper to draw the first meridian through 
the most remote or the Oanair Islands, that we 
might be enabled to compute the other meridians 
witiioui intemtption, not only all over Europe, but 
through the whole extent of Asia; from whence, 
going on to reckon towards the east, we arrive at 
America, and thence return at length to the first 
meridian. 

But to which of the Canary Isles shall we give 
the preference 1 Certain geographers of France 
made choice of the isle of Ferro, and the Germans 
that of TenerifTe, because the real situation of these 
isles was not then sufficiently ascertained, and it was 
not perhaps known which of them was the most 
remote ; besides, the German treographers imagined 
that the mountain named the Peak of Tenerifie was 
pointed out, as it were, by the hand of Nature for 
the first meridian. > 

Be this as it may, it seems rather ridiculous to 
draw the first meridian through a place whose real 
position on the globe is not perfectly debecminedi 
for it was' not till very lately that the situation of the 
Canaries was ascertained. For this reason the mo'st 
accmute astronomers fix the first meridian precisely 
90 degrees distant from that of the observatory at 
Paris, without regarding through what spot the^rst 
may in that case pass ; and it is undoubtedlv the 
surest method that can be adopted ; aiid in order to 
determine every other mendian, the simplest way ia? 
to find out its distance from that of Paris : then, i( 
that other meridian is more to the east, you have 
only to add to it 30 degrees, in order to have the 
longitude of the places situated under it ; but if this 
meridian be westward to that of Paris, you must 
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Mbtract the distance rrom SO degrees. Finally, it 
this distance towards the west is more than 90 de- 
grees, you subtract it froni 380 degrees, that la, from 
SO degrees above 360, in order to have the longitude 
of the meridian. 

Thus, the meridian of Berlin being to the eastward 
of the meridian of Paris 11° 3', the longitude of 
Berlin will be 31° 3' ; and this is likewise the loDgi- 
tude of all other places situated under the same 
meridian with Berlin. 

In like manner, the meridian of Petersburg being 
38° more to the east than that of Paris, the longi- 
tude of Petersbiirg will be 48°. 

The meridian of St, James's, London, is more to 
the west than that of Paris by 3° 35' 16"; subtract- 
ing, therefore, that quantity from 30°, the remainder, 
17° 34' 45", gires the longitude of St. James's, 
London. 



that of Paris ; that distance most be subtracted from 
380 degrees; which will leave a remainder of 310° 
39' 16", the longitude of Lima.* 

Now, when the latitude and longitude of a place 
are known, we jre enabled to ascertain its true po- 
sition on the terrestrial globe, or on a man ; for as 
the la^tude marks the parallel under wnich the 
[dace is situated, and the meridian gives the me- 
lidisn of the same place, the point where the parallel 
intersects the mendian will be exactly the place in 
question. 

You have but to look at a map, that of Europe, 
for example, and you will see the degrees of the 
- parallels marked on both sides, or their distances 
from the equator ; above and below are Uie degrees 



lb fromPBta, 
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of longitude, or (he distances of the several mC' 
ridians from the first. 

The parallels and meridians are usually traced on 
maps, aegree by degree, sometimeB at the distance 
of nve degrees from each other. In most, maps the 
meridians are drawn up and down, and the parallels 
from left to right: the upper partis directed towards 
the north, the under to the Bouth, the right-band 
side towards the east, and the left-hand side towards 
the west. 

It is likewise to be remarked, that as all the me- 
ridians meet at the two poles, the more any two me- 
ridians approach to either of the poles the smaller 
their distance becomes; at the equator theirdistance 
always is greatest. Accordingly on all good maps, 
where the meridians are traced, you will obserre 
(bat they gradually approximate towards the top, 
that is, the north ; and their distances increase as yon 
proceed towards the equator. This is all that seems 
to be requisite for the understanding of geographical 
chsrts by means of which an attempt is made to 
represent the surface, or part of the surface, of the 

But my principal abject was to demonstrate bow 
the real position of every spot on the globe is deter< 
mined by its latitude and longitude. 

lit Sipltmber, 1761. 



LETTER XLV. 

Mtthoi of detetminirig the Latitude, or the Metatum 
«/ Ihe Pole. 

It being a matter of such importance to know the 
latitude mi longitude of every place, in order to 
ascertain exactly the spot of the globe where you 
are, you must be sensible that it is equally imponant 
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to discover the means of certainly arriving at such 
knowledge. 

Nothing can be more interesttng to a man who 
has been long at sea, or »fter a tedious journey 
througb luiknown regions, than to be informed at 
what precise spot he is arrived ; whether or not be 
is near some known country, and what course he 
oQgfal to pursue in order to reach it. The only 
means of relieving such a person from his anxiety 
would undoubtedly be to give him the latitude and 
longitude of the place where he is; but what must 
he do to att&in this most important information ! 
I«t us suppose him on the ocean, or In a vast desert, 
where there is no one whom he can consult. After 
having ascertaiied, by the help of a terrestrial globe, 
or of maps, the latitude and longitude of the place 
where he is, he will with ease from them determine 
his present position, and be furnished with the neces- 
sary information respecting bis future progress. 

I proceed therefore to mform you that it is by 
astronomy chiefly we are enabled to determine the 
latitude and longitude of the pUce where we are; 
and that I may not tire you by a tedious detail of all 
tiie methods which astronomers have employed for 
this important purpose, I shall satisfy myself with 
presentmg a general idea of them, tnistinff that this 
will be sufficient lo convey to you the knowledge 
of the principles on which every method is founded. 

I begin with the latitude, which is involved in 
scarcely any difficulty; whereas the determination 
of the longitude seems hitherto to have deded all 
human research, especially at sea, where the utmost 
precision is requisite. For the discovery of tfaia 
last, accordingly, very considerable prizes have been 
proposed, as an encouragement to the learned to 
direct their talents and their industry towards a dis- 
covery so interesting, both from its own importance 
tnd from the honour andematttmeDt which are to 
be the Ihut of it. 
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I rtftvTB* to tbe latitude, and the means of aacer- 
taining it, referring to aome ftfture opportunity a 
more ample i£scussion of the longitude, and of the 
diffeteut methods of discoverinK it, especially at sea. 

Let the points B and A, Fir. j^w. 104. 

104, be the poles of the earth ; 
B A its axis, and B its centre ; 
let the semicircle B D A repre- 
sent a meridian, intersected by 
the equator at the point D; 
and B D, A D, will be each the 
quadrant of a circle, or an arch 
of 00 degrees ; the straight 
line DC will therefore be a ra-^ 
dius of the equator, and D E 
its diameter. 

Let there now be assumed in 
this meridian B D A the point 
L, the given place of which the latitude is required; 
or, in other words, the number of degrees contained 
in the arch LD, which measures the distance of the 
point C from the eauator ; or again, drawing the 
radius C L, as the ^rch L I> measures the angle 
D C L, which I shall call y, this angle y will express 
the latitude of the place L, which we want to rind. 

Now, it being impossible to place ourselves at the 
centre of the earth, from which we could take the 
measure of that angle, we must have recourse to the 
heavens. There the prolongation of the axis of the 
earth A B terminates m the north pole of the heavens 
P, which wo are to consider as at an immense dis- 
tance from the earth. Let the radius C L Ukewise 
be carried forward till it terminate in the heaven^ at 
the point Z, which is called the zenith of the place ; 




lect that this Une 8 T is a tangent of the circle, and 
that fonsequently it will bt horizontal to the placo 




166 or BBTERVnnNO THK UTTtODI, 

!•; one horizon alwajts touching the soffMtfcrf'the 
earth at the place where we are. 

Let ufl now look from L towards ike pol* of the 
heavens P, which bein^ infinitely distant, the stnught 
line L Q directed to it will be parallel to the line 
A B P, that is, to the axis of the earth : this pole of 
the heaveuH will appear, therefore, between the le- 
nith and the liarizon L T ; and the angle T L Q, in- 
dicated by the letter m, will show how much the 
straight line L Q, in the direction of the pole, is ele- 
vated above the horizon ; hence this angle m is de- 
nominated the elevalion of the pole. 

Yau have undoubted^ heard frequent mention 
made of the elevation of the pole, or, as some call it, 
the heighl of the pole ; which is nothing else but the 
aiigle lormed by the straight line L Q in the direc* 
tion of the pole and the horizon of the place where 
we are. \ou have a perfect eomprehension of the 
possibility of measuring this ang'le m, by means of 
an astronomical instrument, without my going into 
any further detail. 

Having measured this an^le m, or the height of the 
pole, it will give yoti precisely the latitude of the 
place L, that is, the angle y. To make this appear. 
It is only necessary to demonstrate that the two an- 
gles m and y sto etmal. 

Now the line L Q being parallel to C P, the angles 
m anda are alternate, and consequently equal. And 
the line L T being perpendicular to the radius C L, 
the angle CLT of the triangle CLT must be a right 
angle, and the other two angles of that triangle, n 
aq3 X, muBl be together equal to a right angle. But 
the arch B D being the quadrant of a circle, the angle 
BCD must likewise be a right angle ; the two angles 
X and y, therefore, are together equal to the two 
angles n and x. Take away the angle * from both, 
and there will remain the angle y equal to the angie 
n ; but the angle n has 'been proved equal to the 
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Bf^e tm, ^erefore the an^e y is likewise equal to 
the angrle m, 

M has already been remarked that the angle y ex- 
preaaes the latitnde of the place L, and the an^e m 
the eleValioa or height of the pole at the same place 
L; the ktitude of any place, therefore, is always 
equal to the height of the poto at that same place. 
The means whidn astronomy suppliea for observing 
the height of the pole indicate therefore the latitude 
required. 

Astronomical obserrations made at Berlin have 
accordingly informed us that there the height of the 
pole is~ B9° SS", and hence we conclude that the lati- 
tude of that city is likewise 63° 33'. 

This is one very remarkable instance to demon- 
strate how the heavens may assist us in the attain- 
ment of the knowledge of objects which relate only 
to the earth. 

6lh September, 1761. 
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Kamaledge of the Lormtude, from a Calrtdaliim of tkt 
Dtreelion, and of Ihe Space pasted through. 

I NOW proceed to the longitude; and remark that, 
on taking a departure, whether by land or water, 
from B known place, it would be easy to ascertain 
the spot we had reached, did we know exactly Wie 
length of the road, and the direction which wo pur- 
sued. This might, in such a case, be effected even 
without the aid of astronomv ; and this obliges me 
to enter into a more particular detail on the subject. 

We measure tlie length of a road by feet ; we 
know how many feet go to a mile, and how many - 
miles go to an arch of one degree upon tlje globe : 
thus we are enabled to express in degrees the dis- 
tance we have travelled 

Vol. II. -0 
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As to the route or direction ia which wK fv&Tek it 
is necessary accurately te know the position of uie 
meridian at every place where we are. AA tbefne- 
ridian proceeds in one direction towards the north 
pole, and in the other towards the south, yAu h&vs 
only to draw, on the horizon of the spot where y^ 
are, a straight line from north to south, which la 
called the meridiaa Kne of that placei All possible 
care must be taken to trace this meridian line very 
accurately, and here the heavens must again perform 
the office of a guide. 

You know it is midday when the sun ia at his 
greatest elevation above the horizon ; or, ^hich is 
the same thinj;;, the direclioo of the sun is then ex- ' 
actly south, and the shadow of a staff fixed perpen- 
dicularly on a horizontal plane will fall, at that in- 
stant, precisely northward. Hence it is eksy to com- 
prehend liow an observation of the sun may furnish 
us with the means of accurately tracing a meridian 
line, wherever we may be, 

Havins traced a meridian, every other direction ia 
»ery easily determined. 

Letthe straight line N . 
Fig. 105, he tlie meridian, 
one of the extremities N 
being directed towards the 
north, and the other S to- 
wards the anuth. With this /' 
meridian'let there be drawn ■ 
at right angles the straight I 
line E W, whose extremity V 
E shall be directed towards 
the east, and the other e 

tremityW towards the west. , . 

Having divided the circle 

into sixteen equal parts, we shall have so many differ- 
ent directions, denominated according to the letters 
affixed tolhem ; andin caseofnot pursuing a direc- 
tion which exactly corresponds vHlh some one of tke 



Fig. 106. 
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ehcteeOifhe angle tnuBt be marked which that Ae- 
TJating line of direction nakes with the meiidiaii 
N Si-or With E W, which is perpendicular to it. 

It is thus we are enabled to determine exactly the 
direction which we pursue in travelling; aiid so 
long as we are aasured of the length of the way, and 
of the direction pursued, it wjttbe very essy to as- 
certain the true place at which we have arrived, and 
to indicate both its longitude and latitude. We em- 
ploy for this purpose an accnratB map, which con- 
tains the point oi departure, and that which we have 
reached ; and by means of the scale, which gives the 
V qnantityof miles or leases that go to a degree, it is 
«asy to trace, on anch map, the track pursued and 
completed. 

Fig. 108 represents a map, tm which are marked 

from lefl to nght the degrees of longitude, and those 

Fig. 106. 
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of latitude from (op to bottiMn ; it n liltewfss visible 
on the face of it, that^he meridiiina coi)veTge as . 
they approach towards the north, and retire from 
each other towards the south, as is the actual case 
on the globe. 

This map contains part of th* surface of the earth, 
from the 53d degree of north latiliide to the S9th de- 
gree ; and from the I3th degree of longitude to the 
Sflth. 

Suppose, then, I take my departure from the place 
L, the longitude of which is 16°, and the la^tude 
(7° 30', and that I proceed in the direction £ S E, 
and have travelled a. space of 345 English nrilea. In. 
order to determine the longitude ana latitude of the 
place I have reached, 1 draw from the ^lace L the 
straight line L M, making with the meridian an angle 
of 67° 30', the same'angle which the direction BSE 
in the preceding figure makes with N S. Then on 
that line I t^e, according to the scale marked m 
the chart, L M equal to 345 English miles, and the 
point M shall be the place which I have reached. 

I have then only to compare this place with the 
meridians and parallels traced on the map, and I And 
that its longitude is 84° nearly; and on measuring 
more eznclly the part of the degree to ha added to 
the 34th degree, 1 find the longitude of the point M 
to be 24° 4'. As to the latitude, 1 observe it to Be 
between the 65th and seth degree, and by an easy 
computation I find it lo be 55° 25' ; so that the lati- 
tude of the place M, which I have reached, is 65^ 
S5', and its longitude 34° 4'. 

It has hero been supposed that I have invariably 
pursued the same direction, R S E, from first to last; 
nut if I have from time to time deviated from that 
direction, I have only to perform the same opera- 
tion on each deviation, to find the place where J then 
was ; from this ^ take a fresh departure, iM trace 
my direction till another deviation takes place ; and 
so on, till I reach my object. By these means it is 
always in my power, whether travelling by sea or 



^ 
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land, ta aac vtain Hk pUce I tme reached ; pronded 
I )naW exactly, dirough my whole progresa, the 
direction I purHue,«nd measure with equal accuracy 
the length of the way. 

We might in this cose dispense even with the a»- 
Bistance of astrononov, unless we had occasion for it 
accurately to determine our direction, or the angle 
which it makes wiih the meridian ; but the magnetic 
needle Drconq)ass may, in many cases, snpjdy this 
W«Dt- ■■ 

You mufit be sensible, however, tbat it is possible 
to maXe a very considerable mistake, both in the 
4iomiptationof the direction andofthetenirthof the 
way, especially in very long voyages. How often 
is it necesMry to change the direction in travelling 
even from hence to Magdebutg 1 and how is it possi- 
ble to measure exactly the length of the wav ! But 
when we travel by Jand we are not reduced to this 
expedient; for we are enabled to measure by geo- 
metrical ezperimenta the distance ofplaces, aodthe 
angles which the distances make with the meridian 
of every place ; and thus we can determine, with 
tolerable accuracy, the true situation of all places. 

8(A SeptembtT, 1761. 



LETTER XLVU. 
ContiiMiaCiim. DtfteU of thi* Method. 

A mraoD of observing the direction pursued and 
the length of the course, seems to be of singular 
utility ia sea voyages, because there we are not 
under the necessity of deviating from the direction 
every moment, as m travelling by land ; for with the 
■■me wind we can proceed in the same direction. 

PiMt are accordingly very attentive in exactly 
obaerrjng the course of the vessel, and in measuring 
tlie progress she has made. They keep an acciiiat« 
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Jinraal of all these observations at the clpse of eretr 
ay, nay Btill more frequently ; they trace on their 
sea-charts the progress they hwe made, and thoB 
are enabled to mark on the charts, for every period 
of time, the point where they are, and of wmca they 
consequently know the latituSe and longitude. Ac- 
cordin^y, so lon^ aa the course is regular, and tb« 
Yesse] la not agitated by a tempest, ^rad pilots are 
seldom mistaken ; but when they are in doubt, they 
have recourse to astronomical observations, from 
which they discover the elevation of the pole ; and 
this being always equal to the latitude of the pLiice 
where they are, they csropare it with that vhich 
they have marked on the chart, conformably to the 
Gomputationof their progress. If these are found to 
coincide, their computation is just ; if they discover 
a difference, they conclude with certainty that some 
error has been committed in the computation of the 
distance and of the course ; in that case they re-ex- 
amine both the one and the other more carefully, 
and endeavour to apply the necessary correolions, 
in order to make the computation agree with the 
observation of the height of the polo, or of the lad- 
tude, which is equal to it. 

This precaution mSy be sufficient in short voyages, 
as the errors committed can in these be of- no great 
importance; but in very'long voyages, these ^ight 
mistakes may accumulate to such a degree that at 
last a very gross mistake may be committed, and 
th& place where th^ vessel actually is may differ 
considerably fiora what it was supposed to be oa 
the chart. 

I have hitherto gone on the supposition that the 
voyage proceeded quietly ; but should a storm arise, 
during which the vessel is subjected to the rDdeat 
concussions of wind and waves, it is evident that 
the coranutation of distance and course is enlirelT 
deraag4i, and that it is impossible to trace on the 
ohatt the pngreu Ae lias made. 
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of the ship's place; but this would detertnine only 
the parellel of that place, and it would remain 
totalhr uncettain at what point of the parallel |be 
actually was. 

II is necessary thererore to discover likewise the 
longitude of the place, which shows us the meridian 
Tinder which it is situated ; and then the intersection 
■oE that meridian with the parallel found will give 
the vesael's true place. This will make you sensj- 
tle of what importance it is to assist mariners in 
discovering likewise the looigitude of the place where 
■they are. 

This necessity is impose*] not only from the con- 
sideration of the tempests to which navigation is 
liable ; for it is possible, supposing the voyage to 
proceed everao ouietly, to be grossly mlBtaken in 
4he computation of both coarse and distance. Could 
we suppose the sea to be at rest, it might be pos- 
sible to invent various methods of. ascertaining with 
-tolerable exactness the way which the vessel has 
lUade ; but thqf e are rapid currents in many places 
of the ocean, which have the reaemblance of a river 
running in a certain direction. "Thus it is observed 
that the Atlantic Ocean has a perpetual current 
into the Mediterranean Bea, through the Straits of 
Gibraltar; and that the ocean between Africa and 
America has a very considerable current from east 
to west, BO that a voyage to America is perfomiect 
in much leas time than a voyage from AJnerica to 
Europe. 

Wen snch currents constant and well known, we 
-should have considerable assistance towards form- 
ing our calculations; but it has been observed that 
they are sometimes jnore, sometimes less rapid, and 
that tbey frequently change their direction ; which 
deranges the calculations of the most skilfal navi- 
gttoi to euch a degree that it is no longer safe to 
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trust them. We have but too many fatal instancea 
of ships dashed on concealed rocks and lost, becaose 
these were computed to be still at a coDsiderable 
diatance. It was afterward discovered, when too 
late, that these calamities bad been occasioned by 
the currents of the ocean, which deranged the cal- 
culations of navigators. 

In Fact, when the ocean has a current which maket 
it flow like a river, following a certain direction, 
vessels caught in it are carried away imperceptit4y. 
In a river we clearly perceive that the current is 
carrying us along, by observing the banks or the 
bottom; but at sea no land is visible, and the depth 
is too sreat to admit of our making any obeervation 
from the bottom. At sea, then, it is impossible 
to discern the currents ; and hence so many dread- 
ful mistakes respecting both course and distance. 
Whether, therefore, we take tempests into the ac- 
count or not, we are always under the necessity of 
falling on other methods of ascertaining the lonri' 
tnde of the places where we may arrive ; andof ue 
various methods hitherto employed for acquiring 
this knowledge of the longitude 1 now proceed to 
inform you. 

laM Septemier, 1781. 



LETTER XLVIII. 



of an txaet Timepiece. 

A viar sure method of Anding the longitude would 
be a clock, watch, or pendulum, so perfect, that ia 
to say, which should uways go so equally and so 
exactly, that no concussion should be able to affect 
its motion. 

Supposing such a timepiece constnicted, let na 
Me in what maimer, by means of it, w« ahonld ba 
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enaUed to solve the problem or the longitode. We 
must return, for this purpose, to the consideTation 
of meridians, which we are to conceive to be drawn 
tbraugh every place on the surface of the globe. 

You know that the sun aeeme to describe every 
day a circle round the earth, and that, of conse- 
quence, he passes successively over all the meridians 
in the space of twenty-four hours. 

Now, the sun is said to pass ocer or ihrough a 
given meridian, if a stiaight lue drawn from the sun 
to the centre of the earth C, Fig. 107, p. .~. 
paaa precisely through that meridian. V' ' 
If, therefore, in the present case the 
line drawn from the sun to the centre of 
the earth pass through the meridian ' 
B L M A, we would say that [he sun 
was in that meridian, and then it would 
be midday to all the places situated 
under this meridian ; but under every other it would 
not be midday at that precise instant; it would 
^ere be before noon or after it everywhere else. 

If the meridian B N A is situated to the east- 
ward of the meridian B M A, the sun, in making his 
circuit from east to west, must pass over the meri- 
dian B N A before he reaches the meridian B M A ; 
consequently it will be midday under the meridian 
B N A earner than under the meridian B M A ; 
when, therefore, it shall be midday under this last 
meridian, midday under every other meridian to the 
eastward will be already past, or it will be afternoon 
with them. On the contrary, it will be still fore- 
noon under every meridian, say B DA, situated to 
the westward, as the sun cannot reach it till he has 
passed over the meridian 3 M A. 

And as the motion of the sun is reoular and uni- 
ftmn, and he completes his circuit of the globe, that 
is 3flO degrees, in twenty-four hours, he mast every 
hour describe an arch of 15 degrees. When, there- 
fitn, it it noon at Berlin, and at every other place 
situated under the same meridian, noon will be 
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already past undeT meridians situated to the eastward ; 
and more particularly still under the meridian situ- 
ated 15 deneas to the eastward of tha.t of Berlin, it 
will already be one o'clock ; under the meridian 30 
degrees eastward, two o'clock ; under ttakt of 45 de- 
grees, three o'clock afternoon, and so on. The con- 
trary will take place under meridians situated to tho 
westward of that of Berlin ; when it is noon there, it 
will be only eleven o'clock forenoon under the me- 
ridian 16 degrees to the westward, ten o'clock under 
the meridian of 30, nine o'clock under the m«riiliaii 
of 45 degrees westward, and so on ; a difference of 

15 dsgrees between two meridians always amounting 
to all hour of time. 

To«lucidat« still more clearly what has now been 
remarked, let us co[npare the two cities Berlin and 
Paris. As the meridian of Berlin is U" 17* 15" to 
the eastward of that of Paris, reckonios an hour to 

16 degrees, this difference of 11° IT' 15 willgiTeU 
minutes and 3fl seconds of time, or three-quarters 
of an hour nearly. When, therefore, it is midday 
at Paris, It will be 44 minutes and 39 seconds aher 
midday at Berlin ; and reciprocally, when it is mid- 
day at Berlin, it will only be 15 mmulee and 31 sec- 
01^ after eleven o'clock at Paris ; so that it will 
Rot be noon at this last city till 44 minutes and 99 
seconds afterward. Hence it is evident, that the 
clocks at Berlin should always be faster than thoM 
of Paris, and that this difference ought to be nearly 
44 minutes and 29 seconds. 

The difference between the meridians of Berlin 
and Magdeburg is nearly l° 40'; Berlin therefore is 
to the eastward of Magdeburg; and this difference 
reduced to time gives 6 miontee and 40 Beconds, 
which the clocks of Berlin ought to indicate more 
than that of Magdeburg. Consequently, if it is just 
now noon at Magdeburg, and the clocks there, which 
I luppose well Tegnlated, point to XII., the clocfca 
at Berlin should, at the same iiutuit, indicate B 
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minntea and 40 seconds alter XIT., that is, noon 
there ia already past. 

Hence you see, that in proportion as places differ 
in lon^tude, or as they are situated under different 
meridians, well-regulated timepieces ought not to 
point out the same hour at the same instant, but the 
difference ou^ht to be a whole hour when that of 
the longitude is IS degrees. 



In employing a timepiece, then, for ascertaining 
the longitude of the places Ihro^h which we pass, 
it would first be necessary to regulate it exactly at 
some place where we actually were. This ia done 
by observing the instant of noon, that is, the instant 
when the sun passes over the meridian of that pfaoe ; 
and the timepiece ought then to point precisely to 
XII. It ought allerward to be adjusted in such a 
manner, that always after a revolution ol 34 hours, 
when the sun returns to the meridian, the index after 
having made ^wo complete circuits, should again 
point exactly to XII. If this is carefully observed, 
such well regulated timepieces will not coincide in 
different places, unless these be situated under one 
and the same meridian ; but if ihoy are situated under 
different meridians, tha( is, if there bo a difference 
of longitude, the time indicated by the clock or 
watch, at the same moment, will likewise be differ- 
ent i at the rate of one whole hour of time for every 
15 degrees of longitude. 

Knowing, then, the difference of time indicated 
by well regulated timepieces, at different places, 
, and at the same instant, wo are enabled exactly to 
compute the difference of longitude at these two 
places, reckoning always 15 degrees for an hour, 
and the fourth part of a degree for a minute. 

lith Squembtr, 1761. 
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LETTER XLIX. 
Contmuation, and further Elucidatioiu. 

You will be less surprised at the difference of time 
which well regulated timepieces must indicate onder 
different meridians, when you recollect, that while 
it is noon with us, there are countries towards the 
east where the sun is already set, aiid that there are 
others towarda (he weal where he is but just rising;. 
It mtist thererore be already night with the one, wi 
still momiug with the other, at the same instant that . 
it is noon with us. You know, besides, that with 
our antipodes, who are under the meridian diametri- 
cally opposite to ours, it is night, while it is day with 
US; so that our noon corresponds exactly to their 
midnight. 

It will be an easy matter, after these elucidations, 
to show how an exact timepiece may assist us in 
discovering the difference of meridians, orthatof thv 
longitude, at different places, 

Supposingme possessed of such an excellent time- 
piece, which, once exactly regulated, shows meevery 
day the precise time it is at Berlin, so that whenever 
it is noon at Berlin, it points precisely to XII.; sup- 
posing Turther, that it goes so regularly, that once 
adjusted, 1 have no further occasion to touch it, and 
that its motion is not to be deranged either by the 
shaking of a carriage, or the agitation of a ressel ' 
on the ocean, or by any concussion whatever to which 
it may be exposed. 

Provided thus with a timepiece of this descrip- 
tion, I set out to travel, whether by land or by aea ; 
■ perfectly assured, that go where I will, its motion 
will be steady and uniform, as if 1 had remained at 
Berlin : it will every day point to XIJ. at the rery 
moment it is noon at Berlin, and that wherever 1 
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IDBT happen to be. On this Joumey, I urirfl first 
Bt Magdeburg: there I observe the sun when be 
posses the meridian, and this happens when he is 
ezactljr soath ; and it being then noon at Magdeburg, 
I consult my timepiece, and observe it points to 9 
minutes and 40 seconds adcr XII. : whence I con- 
clude, that when it is noon at Magdebure, noon at 
Beiiin ia already past, and that tne difference ia 
6' «" of time, which correspond to 1° iff of distance ; 
therefore the meridian of Magdebu^ ia to the west- 
ward of that of Berlin. The longitude of Berlin, 
therefore, being nearly 31^ T 16', the longitude of 
Magdeburg will be 1° 40' less, that is, it will be SQ" 
Srr 16". 

I thence proceed to Hamburgh, accompanied by 
my timepiece, which 1 never touch ; and there ob- 
eeTTinff when it is noon by the sun, for I cannot 
depend on the public clocks which there announce 
the hour, I tind my timepiece already announces 
t3' 33" after XII. ; bo that at Berlin noon is past 
13' 33' when it ia exactly noon at Hamburffh: henc« 
I conclude, that the meridian of Hambursh is 3° B3' 
15'' to thewestwardof that of Berlin; recKonieg 15° 
to an hour.that is one degree for every four minutes 
of time : accordingly, I find that 13' 33" of time gi»« 
3° 33' 15" of distance for the diRerence of tiie me- 
ridians. ThelongitudeofHambiirghwillbeofcoiiTae 
ST* 44'. 

At Hamburgh I go to sea, still accompanied by my 
' timepiece, and altera lone voyage I arrive at a place 
where,waiiing for noon, the moment of which lascqr- 
tain by observiM the sun, 1 find that my timejiiece 
indicates only 68"^ 15" after X. ; so that then it is not 
vetnoonatBerlin, and the difference of time lalhonr 
A minute and 45 seconds, from which I conclude, that 
the place at which I have arrived is to the eastward of 
Berlin ; and as one hour gives 15 degrees, one misato 
of time 15', and 45 seconds of time 11' 15", the differ- 
ence of the meridians will therefore be 16° S6' 16''. 

Vol. II.— P 
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I And, then, th&t I am at a place to the eastward of 
Berlin, whose longitude is grester than that or BeiUn 
by 15° 9fl' 16"; now the longitude of that city being 
nearly 31° T i&", the longitude of the place where 1 
am most be 46° 33' 30". Thus I have discovered 
under what meridian I now am; but I am still un< 
certain aa to the point of the meridian. In order to 
ascertain this, 1 have recourse to astronomical obser- 
vations, and Rnd the height of the pote to be precisely 
41°. Knowing likewise that I am still in the north- 
em hemisphere, as I have Dot passed the equator, I 
discover that I actually sm at a place whose latitude 
is 41° north, and longitude 46° 33' 30". 1 take there- 
fore my globe or maps, and trace the meridian whose 
longitude is 46° 33' 30" ; I look for the place whose 
latitude is 41°, and at the point of intersection I find 
1 have got to the city of Constantinople without 
having occasion to apply for information to any per- 
son iriiatever. 

Thus, at whatever place of the globe I may arrive, 
possessed of a timepiece so exact, I am able to 
ascertain the longitude of it ; and then an observation 
of the height of the pole will show me its latitude. 
All that remains, therefore, is to take the terrestrial 
globe, or a good map, and it wiU be easy for me to 
ascertain where I am, however unknown to me the 
country may in other respects be. 

It is much to be regretted, that artists of the 

EBtest ability have hitherto been unsuccessful in 
comtruction of timepieces such as I have de- 
scribed, and such as the case requires. We meet 
with a great many very good pendulum machines, 
but they go regularly only when fixed in undisturbed 
situations ; the slightest concussion is apt to derange 
their motion; they are therefore totally useless i^ 
king sea voyages. It is obvious that the pendulum, 
which regulates the motion, is incapable of resisting 
the shocks to wliich it is exposed in navigation. 
Atwut ten yeais ago, however, aa English artist 
pretended that he had constructed a timepiece proof 
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against the motion of a ahip at sea, and that after 
having tried it a long time together in B carriase on 
the roM], it was impossible to perceive the sli^teet 
deraogeiQent ; on which the inventor claimed and 
KceiTed part of the parliunentaiy reward proposed 
for the discoveiy of the longitude, and the rest was 
to be paid after it had been put to the proof of a 
long voyage. But siDce that time we have heard nq 
more of it; from which it is to be presumed that 
this attempt too has failed, like many othere which 
had the same object io view.* 
lock Septemier, 1761. 



From want of the exquisite timepiece of which 1 
have endeavoured to give you an idea, the eclipset' 
of the moon have hitherto been coDHidered as the 
moat certain method of discovering the longitude ; 
but these phenomena present themselves to rarely, 
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fliat wfl have it not in our power to employ tbem ao 
often aa occasion requires. 

You know that the moon is eclipsed when it 
passes into the shadow of the earth : it is possible 
then to observe the moment when the moon begins 
to enter into the shade, and when she has emerged; 
the one is denominated the beginning of the eclipse, 
and the other its end ; and when both are (ritserved, 
the mean time between them is denominated the 
middle of the eclipse. The moon is sometimes 
wholly immerged in the shadow of the earth, «nd 
remains for some time invisible ; this we call a total 
eclipse, during which we may remark the moment 
when the moon entirely disappears, and that when 
she begins to emeree ; the former is called the 
beginning of total darkness, and the latter the end of 
it. But when a part only of the moon ia obscured, 
we call it a particd eclipse -, and we can remark only 
the moment of its beginning- and ending. You know 
likewise that eclipses of the moon can happen only 
It the full, and that but rarely. 

When, therefore, an eclipse of the moon is ob- 
served at two different places situated under different 
meridiane, the beginning of the eclipeewill be cleariy 
seen at both, and at the same instant ; bat the time- 
pieces at these different places will by no means 
indicate the same hour, or any other division of time 
exactly the same : I meanweU regulated timepieces, 
each of whicl\ points precisely to XII. when it is 
noon at that place. If these places are situated 
under the same meridian, their timepieces will no 
doubt indic^^te the same time at the neginning and 
at the end of the eclipse. But if these two meridians 
are 15 degrees distant from each other, that ia, if 
the difference of Iheir longitude be IS", the tim»- 
pieces must differ a complete hour from the begin- 
ning to the end of the eclipse ; the timepiece of the 
l^ace situated to the eastward will indicate one hour 
more than the other : the difference «f 30° in longi- 
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tDde will occaaion that or two hours in the time indi- 
cated by well related clocks or watches ; and so 
on, according to the Tollowing table : 



»rfn»ri or unoitirpt. 




orD.p». 


of-n™. 


onHfTw. 


OfTlm.. 
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If, therefore, the difference of the longitude were 
150°, the timepieces would differ ten hours IVoro the 
beRinning to tne end of the eclipse. 

Thus, when the same eclipse is obserred at two 
diRerent places, and the moment of its commence- 
ment ia exactly marked on the timepieces at each, 
it will be easy to calculate from the difTerence of the 
time indicated, the difference of longitude between 
the two places. Now, that where the time is more 
aJdvancea must be situated more towards the east, 
and consequently its longitude greater, as longitude 
is reckoned from west to east. 

By such means, accordingly, the longitude of the 
principal places on the globe have bef n determined, 
and geographical charts are constructed conformably 
to these determinations. But it is always necessary 
to compare the observations made in a place the 
longitude of which was not already known, with 
those which had been made in a known place, and 
to wait the result of that comparison. Were 1 to 
arrive, then, after a long voyage, at an unknown 
plaee, and an opportunity presented itself of there 
observing an eclipse of the moon, this would, in the 
Ant inatance, afford me no assistance towards the 

pa 
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discOTerr of the longitude of that ]dace ; I could 
not, till after my return, compare my obaerralioii 
with another made in a known place, and thus I 
should learn too late where I was at that time. The 
^and point in request is, How am I at the moment 
to acquire the necesearr information, that I may 
take mymeasuree accordingly > 

Now, the motion of the moon bein^ bo exactly 
known, it is possible to attain this satisfactioa ; for 
we are thereby enabled, not only to calculate before- 
hand all fuUlie eclipses, but to ascertain the moment 
of the "beginning and end, according to the time- 
pieces of a given place. You know that our Berlin 
almanacs tuways indicate the beginning and the 
end of every eclipse visible at that city. In the 
view, then, of undertaking a long voyage, 1 can fur- 
nish myself with a Berlin almanac i and if an op- 
portunity presents itself of observing an eclipse of 
the moon at anunknown place, I must mark exactly 
the time of it by a timepiece accurately regulated 
by the sun at noon, and compare the moments of the 
beginning and end oftbe eclipse with those indicated 
in the almanac, in order (o ascertain the difference 
between the meridian of Berlin and that which 
passes through the [dace where I am. 

But t>esides the rarity of eclipses of the mooo, 
this method is subject to a further inconvenience ; 
we are not always able to distinguish with sufiicient 
accuracy the moment of the beginning and end of 
the eclipse, which comes on so imperceptibly that a 
mistake of several seconds may Tcry easily be com- 
mitted. But as the mistake will be nearly the same 
«t the end as at the beginning, we calculate the 
middle point of time between the two momenta ob- 
served, which will be that of the eclipse ; and we 
afterward <corapare this with that which is indicated 
Inr the almanac for Berlin, oi for any other known 
|dace. 

If the aim ana'- foi OeZl yCST Sh01))d DOt be JK^ 
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liahed when I set out on my voyage, or BuppoaJng it 
to last more yeara than one, there are books con- 
taining the ecUpses calculated for seTenl years to 

and Stflmber, 1761. 



(Xittnatim oftht Edipta of Ute SatdliUt ofJvfittr, 
afomlk Method of finding the Longitude, 

Eclipses of the sun may likewise assist in ascef' 
taining the longitude, but in > way that reqoirai 
raore profound research, because the aon is not im- 
mediately obscured ; it is only the interposition of 
the body of the moon which obstrnctB the trans- 
mission of his rays to us, as when we employ a 
parasol to shelter us from them, which does not pre- 
vent others from beholding all their lustre. For the 
moon conceiila the sun only from part of the inhabit- 
ants of the earth i and an eclipse of the aun may 
be clearly visiUe at BeHin, .wlule at Paris there is 
no intereeption of his light. 

But the moon is really dclipaed by the shadow id 
the earth; her own light is dimimshed or eztin- 
gnished by it: hence the ectipseH of the moon ara 
seen in the same manner wherever she is above the 
horizon at the time of the eclipse. 

It cannot hav^ escaped your penetration, that if 
there were other heavenly bod ies which from time 
to time underwent any real obscuration, they might 
be employed with similar success as the echpses of 
the moon in ascertaining the longitude. The aaUi- 
lites of Jupiter, which pass so frequently into the 
shadow of^lheir planet that almost every bight one 
or other of them is eclipsed, may be rwked in the 
DBmber of thme, and fnrniah na with anothn ezcal- 
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Fig. 108. 



lent method of deteimining the longitude. Astrono- 
mers according'lj employ it with great Bucceai. 

You know that Jupiter haa ' 
foursate11il€<s which make their 
revolutions round him, each in 
his own orbit, as represented 
in the annexed figure, Fig. lOB, 
bv circles described round Ju- 
piter. I have likewise repre- 
sented the sun in this figure, in 
order to exhibit the shadow I 
A O B behind the body of Ju- \ 
piler. You see the lirst of 
these satellites, marked 1, on 
tiie point of entering into the 
shadow; the second, marked S, 
Hks just left it; the third, 3, is 
etOl at a great distance, but ap- 
proaching to it ; and the fourtli, 
4, has left it a considerable 
time ago. 

As soon as one of these satel- 
*lites passes into the shadow it 
becomes invisible, and that 
suddenly ; so that at wtntever 
place of the slobe you may hap- 
pen to be, the satellite which 
was before dislinctly visible 
disa^ipears in an instant. This 
entrance of a satellite into the 
shadow of Jupiter is denomi- 
nated immernon, and its depart- 
ure from the shadow oner' 
*i«n ! when the satellite which 
had for some time been invisible snddeiil]rream)ear>. 

The immersions and emersions are equally adapted 
to the determination of the longitude, as thev take 
place at a decided instant ; so that when such a pbe- 
nomenon is observed at several places of the globS) 
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yoa most find in the time indicated by the time- 
peces of each the difference which oxactly cor< 
nsponds to the difference of the distance of theif 
meridiana. It ia the same thing as if we observed 
the beginning or the end of an ecUpee of tbe moon; 
and the case is then involved in no dilliculty. For 
same time past we have been able to calculate these 
eclipses of the aatellites of Jupiter, that is, their 
immersions and emersions; and we have only to 
compare the time^obaerved with the lime calcinated 
for a given place, say Berlin, in order to conclude at 
once the distance of its meridian from that of out 
capital. 

This method is accordingly practised universally 
in travelling by land ; but the meoiiH have not yet 
been discovered of profiting by it at sea, where, 
however, it is of atill greater importance for a man 
to know with certainty where be i». Were lbs 
•ateliites of Jupiter as visitde to tbe naked eye as 
tbe moon is, this method wooM be attended with no 
difficulty, even at sea ; hot the observation cauBOt 
be made without a telescope of at least four or five 
feet in length — a circumstance which presents an in- 
■nrmoun table obstacle. 

Vou well know that it requires some sddress to 
manage, even on land, a telescope of any length, to 
direct it towards the object which you wish to coa- 
template, and to keep it so steady as not to lose the 
object; you will easily comprehend, then, that « 
ship St sea being in a continual agitation, it must be 
almost impossible to catch Jupiter hiraselfi and if 
yon could find him, you would lose him again in a 
moment. Now, in order to make an accurate ob- ' 
servation of the immersion or emersion of one of 
the satellites of Jupiter, it is absolutely necessary 
that vou should have it in your power to look at him 
steadily for some time together ; and this being im- 
possible at sea, we are to all appearance constrained 
io abandon this method of detennining the longitodsi. 
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This inconvenience, however, may be remedied 
two ways ; the one by the conatniction of teleacopea 
MX inches lon^, or less still, capable of discavenng 
cjearly the satellites of Jupiter; and there can be no 
doubt that these would be more manageable than 
anch as are four or Ave feet in length. Artiata are 
ictvally employing themselves with success in hring- 
iag tptescopes of this sort to perfection ; but i^ has 
noi yet been proved whether or not it will require as 
much ad(l>^aa to point them to thB'Object as those 
which are longer. 

' The other way would be to contrive a chair to be 
used on- shipboard, which should remain lixed and 
motionless, ao as not to be afl^cted by the agitation 
of the vessel. It does not seem impossible that a 
dexterous mode of balancing ml^ht effect this. la 
&«t, it is not long since we read in the public prints 
t^t an j^nglislvnaii pretended that he had constnKted 
'€nch afibklr, dnfi therefore claimed the prise r 

ittAed forthediscOToryof the longitude.* Hiscu . 

Wvwell founded, if he indeed constructed the ma- 
chine, as it would be ptnsible by means of it to olv 
seWe at sea the immersions and emersions of the 
eatellites of Jupiter, which are undoubtedly very 
much a<lapted to the making of this discoiery ; but 
for some time past no further mention has been made 
of it. From the whole, you must have perceived 
how manv difficulties attach themselves to the dis- 
covery or the longitude. 

Xth Sfpltmbei-, 1761. 

* Tht Innodn htn ritadad In ni Irvln'a mUlM cbiJr, wUek 
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Tlie Motum of tha Moon, a J\fth Method. 

Thk heaveiiB fumiah vs with one resource more 
for discovering the loagitude without the uaaitiUnce 
of telescopes, in which astronomera seem to place 
the greatest eoiriidence. It is the moon, qot onl^ 
when echpeed but at all times, provided stie be viH" 
Me; an unspeakable advantage coosideniig that 
eclipses are so rare, and that the immersjoos and 
emersions oi( the satellites of Jupiter are of such 
difficult observation ; there being a conBiderable 
time every year during which the planet Jupiter is 
not visible to us, whereas the moon is almost con- 
stantly in view. . . 

Yon must undoubtedly have already rMiarked, 
that the moon rises erery day almost three-quarter* 
of an hour later than the preceding, not being at- 
tached to one fixed placa> relatively to the stars, 
which always preserve the sa me siiuatiODwithresjiect 
to each other, though Ihey have the appearance of 
being omiieii round by the heavens, to accomplish 
every day their revolution about the eaMh. 1 speak 
here according to appearances ; for it is the earth 
which revolven every day round its axis, while the 
heavens and the fixed sUrs remain at rest ; while 
the sun and planets are continually changing their 
[jace relatively to these. The moon has Ukewise a 
motion abundantty rapid from one day to another, 
with relation to the fixed stan. 

If yon were to see the moon to-day near a certain 
Axed star, it will appear to-morrow at the same 
hour at a considerable distance from it towards the 
east; and the distance sometimes exceeds even 1& 
degrees. The velocity of her motion iu not always 
the Mine, yet we are able to detennine it very ^Xf 
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atiHy Tot ev«iT da^; bf. Which meam wpxan cakn- 
late berore-hand Mr tue place in the heavena for 
every hour of thei a&K. And for any known meridian, 
■ay that of Bgriin, o» Paris. 

Suppose, med, thal-Bfter a loDg voyage I find my- 
■eif at sea, jn a placB altogether unknown, what use 
can I make »f the moon, in order to discover the 
latitude of the place where I am ! There ii no 
dificulty %ith respect to the latitude, even at aet, 
where there aT« means abundantly certain for ascer- 
taining the height of the pole, to which the latitude 
is always equal. My whole attention, then, will be 
directed to the moon; I will compare her with the 
fijted stars which are nearest, and thcftcB calculate 
her true place rclatiTely to them. You know thera 
are celestial globes on which all the fixed stars are 
arranged, and that celestial charts are likewise coo- 
strucfed similar to geo^ipKical maps, on which are 
represented the fixed stars -yhich appear in a certain 
quarter of the heavens. On taking, then, a celestial 
chart on which the fixecl stars to which the moon 
is near are marked, it will be an easy matter to d»- 
tennine the true place where the moon at that time 
is ; and ray watch, which I have taken care to regu- 
late there, from an observation of the m<nneDt of 
noon, wiH indicate to me the time of my lunar ob- 
servation. Then, from my knowledge of the moon's 
motion, I calculate for Berlin, at what hour she must 
appear in thesameplacewherelhave seen her. If 
the tittle observed exactly correspond with.tbe time 
of Berlin, it will be a demonstration that the place 
where lam is precisely under the meridian of Berlin, 
and that consequently the longitude is the same. 
But if the time of my observation is not that of Ber- 
lin, the difference will j^ve that which is between 
the meridians ; at>d reckoning 15 degfees for emy 
hour of time, 1 compute how much the longitude « 
tin [dace I am at is greater or lesa than that of Bw- 
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ttn^dw 14^ e •where time ja more advanced haa 
alwt^ the greater longitudei ' 

Tlua IB an abatract ol* th« manner of determinjiig 
longitude by simple observatlpna.of the moon. I 
remark, that the nappieat moments Tor succeuMly 
performing this operation, and for accurately deteN 
mining the moon's place, are, when a fixed star hap- 
pens to be concealed behind her body ; this is called 
oceuiiaii»n, and there are two instances fHTOurable 
to observation, that when the moon in her motion 
completely covers the star, and that when the star 
reappears. . AHtranomers are particularly attentive 
to catch these instants of occultation, in order to 
calculate from them the moon's true place. 

I foresee, Tiowever, an objection you will proba- 
bly make respecting the time-piece wiih which I 
suppose our navigator provided, after having main- 
tamed the impossibility of constructing one that' 
aboli be proof against every agitation of a ship at 
sea. But this impossibility respects only such 
time-pieces as are expected to preserve a regular 
motion for a long time together, without the neces- 
sity of frequent adjustment ; for as to the observa- 
tions in question, a common watch is quite suffi- 
cient, provided it go regularly for some hours, after 
having been carefully adjusted to the 'noon of the 
place where we are; supposing a doubt to ariae, 
whether we could calculate from it the succeeding 
evening or night, at the time we observe the moODt 
the st^ likewise will afford the means of -^ new 
and accurate adjustment. For as the situation of 
the sun with relation to the fixed stars is perfectly 
known for any time whatever, the simple observa- 
tion of any one star is sufficient to determine the 
|ilace where the sun must then tie ; from which we 
are enabled to calculate the hour that a well regu- 
lated timepiece ouqrht to indicate. Thus, at the 
very instant of moving an observation by the mo(»w 
we are enabled likewise to regulate our timeioec* 

Vol. II.— Q 
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by the stars; and everjr timepiece is aig^ 
go regularly for so short a space. 
setA September, 1761. 



LETTER UII. 



This last method of finding the longitude, fannded 
on lunar observations, seems to merit the prefer- 
ence, as the others are subjected to too many diffi- 
culties, or tlie opportmiities of employing them 
cncur too seldom to be useful. And ^u must be 
abundantly sensible that success depends enlirelj 
oti the degree of precision attained in forming thia 
calculatimi, and that the errors which may be com- 
mitted would lead to conclusions on which we could 
place no dependence. It is of importance, there- 
fore, to explain what degree of precision we may 
reasonably hope to attain in reducing this method 
to practice, founded on the considerable change 
which the moon undergoes from one day to another 
in her position. It may be affirmed, that if the 
moon's motion were more rapid, it would be more 
adapted to the discovery of the longitude, and would 
procure for ua a higher degree of precision. But 
if, on the contrary, it were much slower, so that 
we could scarcely discern any change of her posi- 
tion from day to day, we conld derive very little, 
if any, assistance from her towards the discorery 
of the longitude. 

Let us suppose, then, that the moon changes her 
place among the Rued stars a space of IS degre«a 
in twenty.four hours ; she will, in that case. Change 
it one degree in two hours, and half a det^ee, or 
L1;t'>' minutes in an hour: if we were to commit ■ 
imstalie in observing the moon's place of thir^ 
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minutes, it would be the eame thing as if we ob> 
served the moon an hour earlier or later, and we 
Bhotdd commit a mistake of one hour in the con- 
clusion respecting the differeBce of the meridians. 
Now, one hour's difference in the meridians corres- 
ponds to IS degrees in their longitude ; conse- 
quentlj, we should be mistaken IS degrees in the 
tongitude itself of the place we look for; which 
would undoubtedly be an error so enonnous that it 
were almost as well to know nothing about it; and 
a simple compntation of the distance and the direc- 
tion, however uncertain, could not possibly lead to a 
mistake so very grose. But a man must have gone 
to work in a very slovenly manner to commit a 
miat^e of 30 minutes respecting the moon's place; 
and the inslmments which he employed must have 
been very bad, a thing not to be supposed. 

Neverthele-SB, however excellent the instruments 
Kay be, and whatever degree of attention may have 
been bestowed, it is impossible to keep clear of all 
error; and he must have acquitted himself very well 
indeed who has not committed the mistake of one 
minute in determining the moon's place. Now, as 
it changes half a degree, or 30 minutes, in one hour, 
it will cnanse one minute of distance in two minutes 
of time. When, therefore, the mistake of the moon's 
place amounts to no more than one minute, the 
mistake in the difference of meridians will amount to 
two minutes of time. And one hour, or 80 minutes, 
being equivalent to 16 degrees of longitude, there 
will result from it an error of half a de^ee in the 
longitude; and this point of precision mi(;ht be suf- 
ficient for every purpose, were it but attainable. 

I have hitherto supposed our knowledge of the 
moon's motion to be so perfect, that, for a known 
meridian, we could determine the moon's true place 
for every moment without an error : but we are stilt 
very far short of that point of perfection. Within 
tbeMtwentyyears,theerror in this calculation wa« 
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more than six minutefi ; and it is but lately that tb« 
ingenious Frofenor Mayer o( Gottingen, punruing 
the track I had pointed out to him, has succeeded bo 
far as to reduce this error to less than a minute. It 
may very easily happen, then, that in the calculation 
likewise, the error of one minute may be committed, 
which, added to that of a minute committed in ths 
observation of the moon's place, will double that 
wliich results from it respecting the longitude of 
the place whero we are ; and, consequently, it ma^ 
puesibly amount lo a whole degree: it is proper 
further to remark, that if the moou in twenly-four 
hours should change her relative situation more than 
Vi degrees, the error in the longitude would be less 
considerable. The means may perhaps be discov- 
ered of diminishinfifstill further the errors into which 
we are liable to fall, in the obaerration and in th« 
calculation ; and then we should be able to ascertain 
the longitude to a degree, or leas. Nay, we ought 
not to despair of attaining a still higher decree of 
precision. We have only to make several obserra- 
tions, which can be easily done by remaining aeveral 
days together at the same place. It is not to be 
apprehended, in that case, that all the conclunons 
should be equally defective ; some will give the lon- 
gitude sought too great, others too small, and by 
striking a medium between all the results, we may 
' rest assured that this longitude will not be one de- 
gree removed from the truth. 

The English nation, generously disposed to engage 
genius and ability in lliis important research, has 
proposed three prizes for ascertaining the longitude 
—one of 10,000/., one of I5,00W., and one of 30,0001. 
The first of these is to bo bestowed on the person 
who shall determine the longitude to a degree, or 
about it, so as to give perfect assurance that the 
error shall not exceed one degree at most. The 
second is to be given to him who shall discover a 
method still more exact, so that the error shall 
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, never exceed two-thirds of a de^ee, or 40 minuteB. 
The highest prize ia destined to the man who shall 
ascertain the longitude so exactly that the error shall 
never exceed half a de^piee, or 30 minutes i and a 
higher degree of precision is hardly to be expected. 
No one of these prizes has hitherto been allotted; 1 
do .not take into the account the f^tiiication be. 
stowed on the artist who pretended to it from his 
construction of perfect timepieces. Mr. Mayer is 
at thia moment claiming the highest, and I thiuk be 
is aititled to it.* 
3d October, 1761. 



LETTER UV. 

Ob M« lbrtfur'3 Ctmpasi, and the Propertia of the 

Magnetic Needle. 

You are by this time sufficiently informed respect- 
ing the discovery of the longitude : I have had the 
Eleaaure of explainiog the vHrious methods which 
ave been employed Kir the delerminalion of it. 

The first and most natural iS carefully to observe 
the quantity of space which we have gone over, and 
the direction in which we moved ; but the currents 
and tempesta to which sea voyages are exposed 
render Ibis method impracticable. 

The second requires the construction of a time- 
piece BO perfect as .to go always uniformly, notwith- 
standing ^he agitation of a ship at sea; which no 
artist has hitherto been able to accomplish. 

The third is founded on the observation of the 
eclipses of the moon, which would completely 
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answer every ptirpose, were not opportimitiei of , 
employing ii loo rare, and least in our power i^en 
the necessiir may be most urKenc. 

The fourth refers to the ecupses of the satellites 
of Jupiter, which would answer the piupose ex- 
tremely well, had we the means of empioTiue at 
sea telescopes of a certain description, wilbont 
which ihey are invisible. 

Finally, observations of the moon herself furnish 
a. fifth method, which appears the most practicable, 
provided wc were able to observe the moon's idaca 
in the heavens so exactly, that the error in calcula- 
tion (and error is unavoidable) should never exceed 
one minute, iu order to be assured that we are not 
mistaken above one de^ee in the determination of 
the longitude.* 

To one or Ihe other of these five methods persons 
engaged in this research have chiefly directed their 
speculations : but there is still a sixth, which seems 
IJKewisB adapted to the solution of the problem, were 
it more cnrefull^ cultivated ; and will perhaps one 
day furnish ns with the most certain method of dis- 
covering the longi'ti^de ; though as yet we ore far, 
»ery far short of it. 

It is not derived from the heavens, but is attached 
to the earth simply, being founded on the nature of 
the magnet, and of the compass. The explicatitm 
of it opens lo me a new Held of important physical 
obscrvatinn, for your amusement and instruction, oq 
the subject of magnetism ; and J flatter myself iron 
will attend with delight and improvement to the 
elucidations which I am going to suggest. 

My reflections shall be directed only to the main 
subject of our present research, 1 mean the discovery 
of the longitude. I remark in geaeral, that the 

• ThiJ mwLoiJ la now brooiM ui i«y (tmi pwAttlon, nu onl* bj 
tbe Imumcmenl of itiu luinr uMo. biii bj itu patAxtiHl of tte 
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magnet is a stone which haa the quality of attracting 
iron, and of disposing itself in a certain direction; 
and that it commuoicatea the same qoality to iron 
and steel, by rubbing, or simpir touching them with 
a magnet ; proposing afterward to enter into a more 
minute discusaion of this quality, and to explain the 
nature of it. 

1 begin, then, with the deacription of a magnetic 
needle, mhich, mounted in a certain manner, for the 
use of marinera, is denominated the compaii. ' 

For this purpose we provide a needle of good 

steel, nearly resembling Fig. 109, one extremity of 

Fig. 109. 






1 



which B terminates in a point, the belter to distin- 
guish 'it from the other A ; it is furnished at the 
middle C with a small cap, hollowed below, for Uie 
purpose of placing the needle on A piTot or point D, 
aa may be seen in the second figure. 

The two ends are adjusted in such a manner, that 
the needle, being in perfect equilibrium, can revolve 
freely, or remain at rest, on the pivot, in whatever 
aituation it mav be placed. Before the magnet is 
applied, it would be proper to temper the needle, in 
order to render it as hard as possible ; then by rub- 
bing or touching it with a good loadstone, it wiD 
instantly acquire the magnetic virtue. The two ex- 
tremities will no longer balance each other, but the 
one B will descend, as if it had become heavier; 
and in order to restore the equilibrium, something 
must lie taken away from the extremity B, or a smaU 
weight added to the end A. But the artists, fore* 
weing this change produced by magnetism, make 
the end B originally Ughter than the end A, that th« 
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magnetiied ^eedle may of itself umme the hori- 
zontal posUion. 

It then acquires another property Btill more re- 
martiable : it is no longer indifferent to all situations 
as formerly ; but affects one in preference to every 
other, and disposes itself in such a manner that the 
extremity B in directed to the north nearly, and the 
extremity A towards the south ; and the direction 
of the ma^etic needle corresponds almost with the 
meridian Lne. - 

You recollect that, in order to trace a meridian 
line, which may point out the north and the south, 
it is necessary to have recourse to astronomical 
observations, as the motion of the sun and stars 
determines that direction ; and when we are not 
provided with the necessary instruments, and espe- 
cially when the sky is overclouded, it is impossible 
to derive any assistance from the heavens towards 
tracing the meridian line ; this property of the mag- 
netic needle is, therefore, so much the more admi- 
rable, that it points out,,aI all times, and in -every 
place, the northern direction, on which depends the 
others, towards the east, south, and west. For this 
reason the use of the magnetic needle, or compass, 
is become universal. 

It is in navigation that the advantages resulting 
ttom the use of the compass are most conspicuous ; 
it being alwavs necessary to direct the course of a 
vessel towards a certain quarter of the world, in 
order to reach a place proposed, conformably to 
geographic or marine chails, which indicate the 
direction in which we ought to proceed. Before this 
discovery, accordingly, it was impossible to under- 
take loDg voyages ; the mariner durst not lose sight 
of the coast tor fear of mistaking his course, unless 
the sky was unclouded, and the stars pointed out 
the way. 

A vessel on the wide ocean, without the know- 
Ledge of the proper course, would be precisely in tha 
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state of a man 'who, with a bandage over hia erea, 
waa obliged to tind his way to the great churcb of 
Magdeburg; imagining he was going one wa^, he 
mi^t be going another. The compaaa, then, la the 
principal gnide in navigation ; and it was not till 
alter this important discovery that men ventured 
across the ocean, and attempted the discovery of 
a neiv worU. What would a pilot do without his 
compass during or after a storm, when he could 
derive no assistance from the heavens ! Take 
whatever course he might, he must be ignorant in 
what direction he was proceeding, north, south, or 
to any other quarter. He would presently deviate 
to auch a degree as infallibly to lose himself. But 
the compass immediately puts him right ; from 
which you will be enabled to judge of the importance 
of the discovery of the magnetic needle, or mariner's 
compass. 
S/A OcUbir, 1761. 



Declifiationo/ the CompoM, and Manner of oiierving it, 

Tbouoh the magnetic needle affects the situation 
of being directed from south to north, there are ac- 
cidental causes capable of demnging this direction, 
which must be carefully avoid^. Such are the 

Eroximity of a loadstone, or of iron or steel. You 
ave only to present a knife to a magnetic needle, 
and it will immediately quit its natural direction, and 
move towards the knife ; and, by drawing the knife 
round the needle, you will make it assume every 
possible direction. In order to be assured, then, 
that the needle is in its natural direction, you must 
keep at a distance from it all iron or steel, as well 
as magnets ; which is so much the more easy, that 
these substances influence its direction only when 
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TBiy near it : once removed, their effect becpmeB in* 
seiuible, unleaa in the case of a Tery powerful mag- 
net, which mig-ht poBsibly act on tlie needle aX the 
distance of several feet. 

But iron alone produces not this effect, as the 
compass may be used to advantage even in iron 
mines. You are perfectly sensible, that under 
ground, in mines, we are in the same condition as at 
sea when the face of heaven is overclouded, and that 
it is necessary to drive mines in a certain direction. 
Plans are accordingly constructed representing all 
the tracks hollowed out in the bowels of the earth, 
and this operation is regulated merely by the com- 
pass ; this is the object of the science denomin^ed 
subterraneous geometry. 

To return to our compass or ma^etic needle: 
I have remarked that its direction is only almost 
Qortherlv ; it is therefore incorrect to eay that the 
magnet has the property of alwavs pointing north. 
Having employed myself in the fabrication of many 
ma^etip needles, I constantly found that their di- 
rection at Beriin deviated about 15° from the true 
meridianline; now an aberration of 16° is very con- 
siderable. 

Fig. 110 represents first the Fig. no, 

true meridian line, drawn from b _ 

north to south ; that which is 
drawn at right angles with it 
'ndicates the east to the right- 
hand, and the weal to the led. 
Now the magnetic needle AB 
does not fall on the meridian, 
bnt deviates from it an angle 
Ot 15° BO North. This angle is 
denominated the declination, 
and sometimes the deviation or 
twiation, of the compass or magnetic needle ; ind 
u the extremi^ B, nearest the north, deviatM 
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'towaids the west, we aay the declination is 16^ 
westerly. 

Having thus determined the declination of the 
magnetic needle, we can make it answer the same 
purpose as if it pointed directly north. The needle 
IS usually enclosed in a circle, and you have only to 
mark on it the due north and the exact distance from 
the northern extremity of the needle, so as to make 
a dechoatiou of 15" westward ; and the line North 
Soulh, Fig. 110, will indicate the true meridian line, 
and enable us to ascertain the four canhnal points, 
north, east, south, and west. 

The better to disguise the secret, the magnetio 
needle is concealed in a circle of pasteboard, as rep- 
resented in the hgure, only the needle is rendered 
invisible, the pasteboard covering it, and forming 
but one body with it, the centre of which is placra 
on a pivot,* In order to admit of a free revolution: 
it assumes, of course, a situation such that the point 
marked North is always directed to that point of the 
horizon ; whereas the needle, which is not seen, in 
effect deviates from it 16° to the west. This con- 
struciiOQ serves only to disguise ihe declination, 
which the vulgar consider as a defect, though it be 
nther an object worthy of admiration, as we shall 
aflerward see ; and the pasteboard, only increasing 
the weight of the needle, prevents its turning so 
freely as if it were unencumbered. 

To remedy this, and more commodionsljr to 
«m;doy the compass, the needle is deposited in a 
circular box, Uie circumference of which, divided 
into 360°, exhibits the names of the principal 
points of the horizon. In the centre is the pivot, 
or point which supports the needle, and this last 
immediately assumes a certain direclion ; the box is 
then turned till the northern extremity of the needle 
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BexactlrcorrMpoiidswjthIG'*onUiecirci]niference, 
reckoning from the nortb-westward ; and then tha 
names maiied will agree with the real quarten of 
the world. 

At sea, however, thejr employ needles cased in 
circles of pasteboard, the circumference of which ia 



divided into 360°, to prevent the necesaily of turning 
round the box ; then the pasteboard circle, which is 
called the comoHsa, indicatiiig the real quarters of 
the world, we nave only to refer to it the course 
which the ship is steering, in order to ascertain the 
direction, whether north or south, east or west, or 
any other intermediate point. By the compass like- 
wise we distinguish the winds, or the quarters from 
whieh they blow ; and from the points marked on it 
their names are derived. It is necessary, at any 
rate, to be perfectly assured of the declination or 



different at other places, as f shall afterward denon- 
■trate. 

Mh October, 1761. 
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Wnin 1 say that the declination of the compass 
ia 15° west, this ia to be understood as applying only 
t9 Berlin, and the present time : for it has been re> 

J lacked, that not only is this declination different at 
liferent places of the earth, but that it varies, with 
time, at the same place.* 
The magnetic declination is accordingly mnch 



■• 17° y In l-m—Ei. 
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greater at Berlin now than it was fonnerly. I re- 
collect the time perfectly when it was only 10° ;■ 
and in the last century there was a perioo when 
there wae no declination, so thnt the direction of the 
magnetic needle coincided exactly with the meridian 
line. This was about the year 1670 ; since then the 
declination is become progressively greater lowHrds 
the west, up to 16°, as at this day ; and there is every 
appearance that it vill go on diminishing till it is 
again reduced to nothing. I give this, howeter, 
merely as conjecture, for we are very far from being 
able to predict it with certainty. 

Besides, it is well known that prior to the year 
1670, the declination was in the conlrary direction, 
that is, towards the east ; and the fnrlher back we 

K, the greater do we find the declination eastward. 
>w, it is impossible to go farther back than to ^e 
period when trie compass was discovered ; this hap- 
pened in the fourteenth century ; but it was long 
after the discovery before they begsn to observe 
the declination at Berlin i for it was not perceived 
at first that the needle deviated from the meridiaa 
tine. 

But at London, where this subject has been more 
carefully studied, the magnetic declination in the 
year 1580 was observed to be 11° 15' east; in 1639, 
e° O'east; in 1834,4" 5' east; in 1667 there was no 
declination; but in I67B it was S" 30' west; in 
1693, 6° (K west ; and at present it may probably be 
19° west, or more.f You see, then, that about 
the beginning of the last century, the declination 
was nearly S degrees east : that thenceforwat^ it 
gndually diminished, till it became imperceptible in 
the year 1657 ; and that it has since become westerly, 
gradually increasing up to the present time,:^ 

• H WM «> Inw ■■ IC M Bnlln in 17LT.-W. 

t In JiniiUT, 1S>1, ')>• lulitlon of Uio nontli ■! LcxhIm wu M0» 
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It has preserred ueurly the same order at Puis ; 
but there it was reduced to nothing in 1666, wm 
yean later than at Londoi) ; hence you will obeem 
a most unaccountable diversity of declination reU- 
tively to different [daces of the earth at the same 
time, and to the aame place at different times. 

At present, not only through all Europe, but 
throu^ all Africa, and the greatest part of Asia, the 
declination Is westerly, in some places greater, in 
others less, than with un. It is greater in certaui 
countries of Europe than at our capital : namely, in 
Scotland and in Norway, where the declination con* 
siderably exceods 90° ; in Spain, Italy, and Greece, 
on the contrary, it is less, being about 12° ; on the 
western coasts of Africa it is about 10°, aod on the 
eastern 12°. But as you advance eastward into 
Asia it progressively diminishes, till it entirely dis- 
appears in the heart of Siberia, at Jeniseisk ; it dis- 
q^ars too in China, at Pekin, and at Japan ; but 
beyond those regions, to the eastward, the declina- 
tion becomes e^tcrly, and goes on increasing in 
this direction, along the north part of the Pacific 
Ocean, to the western coasts of America, from 
which it proceeds, gradually diminishing, till it 
again disappears in Canada, Florida, the Antilles, 
and towards the coasts of Brazil. Beyond these 
countries, towards the east, that is, towiuds Europe 
and Africa, it again becomea westerly, as 1 have 
already remarked. 

In order to attain a perfect knowledge of the pres- 
ent state of magnetic declination, it would be neces- 
sary lo ascertain for all places, both at land and aea, 
tbepresent state of magneticdeclination, and whether 

''-« iHicnlly M tba HOM pohil, 
-iKlit diy. [a Iba nar 18» 

, (Iter whlck It wUI prafiHr 
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it> teodencv ia westward or eastward. 71iiB know- 
ledge would be undoubtedly extremely useful, but 
we dare scarcely hope for it. It would require men 
of ability in every part of the globe, employed at the 
same time in observing, each on his own etation, the 
flia^etic declination, and who should communicate 
their observations with the utmost exactdesB. But 
the space of some years would elapse before the 
.communications of the more remote could be re- 
ceived, thus the knowledge aimed at is unattainable 
till after the expiration of years. Now, thoush no 
very considerable change takes place in the direc- 
tion of the magnetic needle In two or Ibree years, 
this change, however small, would prevent the 
attainment of complete information respecting the 
present state of the various declination of the mag- 
netic needle, from observations made at the same 
time in the differenl regions of the globe. 

The same thing holds with respect to times past ; 
to every year corresponds a certain state of mag- 
netic declination proper to itself, and which diatin- 
euishes it from every other period of time, past mi 
future. It were, however, sincerely to be wished 
that WB had an exactly detailed state of the declina- 
tion for one vear only; the most important elu- 
cidations of the Bubject would certainly be derived 

The late Mr. Haliey, acelebrated English astrono- 
mer, has attempted to do this for the year 1700, 
bounding his conclusions on a great numoer of ob- 
■ervotions made at different places, both by land and 
sea; but, besides that some very considerable dis- 
tricts, where these observations were not made, are 
not taken into his account, most of those which 
lie has employed were made several years prior to 
1700 ; so that at this era the declination miglit have 
ondergone very considerable alterations. It foUowa 
that this statement, which we find represented On a 
general chart of the earth, must be considered as ex- 
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tremely defective ; and, moreoTer, what would it now 
avail us to know the state of magnetic declination 
for the year (TOO, having siiict: that time undergone 
a considerable change 1 

Other English geographnrs have produced, pos- 
terior to that period, a similar chart, inlended to 
represent all the declinations such as they were in 
the ytar 1714. But as it has the same defect with 
that of Mr. Haliey, and as they likewise were unable 
to procure observations from several cotintries on 
the globe, they did not scruple to (ill up the vacant 
places by consulting Halley's chart, which certainly 
could not apply to lT4i. You will conclude, from 
what I have said, that our knowledge of this im- 
portant branch of physics is extremely imperfect.* 

IZth October, 1761. 
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It may be proper likewise to explain in what 
manner H<^iey proceeded to represent the magnetic 
declinations in the chart which he coostmcted for 
the year 1700, that if you should happen to see it, 
you may comprehend its structure. 

First, be marked at every place the declination of 
the magnetic needle, such as it had been there ob- 
Berved. He distinguished, among all these placea, 
those where there was no declination, and foimd 
that they all fall in a certain line, which he calls tlM 
Une of no declination, as everywhere under that Um 

tbamafnmc iHndle, luT«T>«q raaanilrconHnieudbjr Ur. HtiutwoLiit 
CttrliEianii m Nanfty.*Ti4J publiiheil \n hia vvTAble wort on tteMu. 
MdHnortbaSanti. jtfr. ri:in>l>ni't chirti wDl b( (Bund la lU £<i» 
Iwfi pmaurUai Jountal, nL It. p. SOI.-Sl 
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there w» Ottn none, lliia line ms neither a dib- 
ridian nor a parallel, but ran in a very obliqae direc- 
tion over North America, and lell it near the coasts 
of Carolina; thence it bent its course acrosH the 
Atlantic Ocean, between A rrica and America. Be- 
sides this line, he discorered likewise another in 
which the declination disappeared; it descended 
throngfa the middle of China, uid passed from thence 
through the Philippine Isles and New-Holland. It 
is easy to judge, from the tmck of these two lines, 
that they have a communication near both poles of 
the globe. 

Having fixed these two lines of no declination, 
Jtfr. ifoUey remariied that everywhere between the 
first and last, proceeding from west lo enst, that is, 
tbrongh all Europe, Afnca, and almost the whole of 
A^ia, the declination was westerly ; and that on the 
other side, between those lines, that is, over the 
whole Pacific Ocean, it was easterly. After this, 
he observed all the places in which the declination 

s S degrees west, and found he could still con- 



e of which 

accompanied, as it were, the first of no declination, 
and the other the last. He went on in the same 
manner with the places where the declination was 
10° ; aflerward 15°, 30", Ac. ! and he aaw that these 
lines of great declination were confined \o the polar 
regions ; whereas those of small declination encom- 
pused the whole globe, and passed through the 
equator. 

In fact, the declination scarcely ever exceeds 16° 
on the equator, whether west or east; but on ap- 
proachmg the poles, it is possible to arrive at ^aces 
where the dcclinnlion exceeds 58° and 60°. There 
are undoubtedly some wheie it is still greater, ex- 
oeeding even 90°, and where the northern extremity 
R8 
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of the nee^e will consequently tnm about and point 
southward.* 

Finally, hanng drawn similar tinea through thft 
places where the declination waa eastward 10°, 1S°, 
flO", and so on.jtfr. HalUy filled up the whole chart, 
which represenled the entire surface of the eattb, 
under 'each of which lines the declination is uniTOi- 
sally the same, provided the observatioos are not 
erroneous. Mr. Hailey haa accordingly scrupuloualy 
abstained from continuing such lines beyond the 

SilaccB where obaervations had actually been made: 
or thi^ reason the greater part of hia chart ia a 
blank. 

Had we such a chart accurate and complete, we 
should see at a glance what declination must have 
predominated at each place at the tirae for which 
the chart was constructed ; and though the place in 
question should not be found precisely under one 
of the lines traced on the chart, by comparinff il 
with the two lines between which it might be aitu- 
ated, we could easily calculate the intermediate 
declination which corresponds to it. If I found my 
pre^nt place to be between the lines of 10° uid Ift" 
of western decUnation, 1 should be certain that the 
declination there was more than 10°, and leaa than 
Itfi ; and according as I might be nearer the one or 
the other, I could easily find the means which would 
indicate the true declination. 

From this you will readily comprehend, thit if we 
had such a cnart thus exact, it would assist us in 
discovering the longitude, at least for the time to 
which it corresponded. In order to explain thla 
method, let us suppose that 'wo are possessed of a 
chart constructed for the present year, we would aeA 
on it, lirst, the two Unes drawn through the places 

» TbliwM (bund 10 bilbo oh In ibe tojim. of Ci»(itin ftwunJ 
CaflBit Ptnj. On ina SB. jntni oT Bfim Mining Wmi, in vnM 
Im. 101° 441'. tat DDRh JU. ii' V, llM nrWIton wu lAf ur _. 
hmoi b«Bl ltS° tf wM U WW Um.gi" IT, UKl DORH lu.n> W.-Hlt 
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wheie there JB no declination ; Ihen the two vrheTe 
It IB 5°, 10°, }S°, 30°,bothea£t and west: letuafur- 
iher suppose that, for the greater exactness, these 
lines were drawn from degree to degree, und that I 
found myself at a certain place on sea, or in an nn- 
Ittown countiy, I would in the first place draw a me- 
-ridian line, in order to sscertaio how much ray com- 
pass deviated from it, and I should And, for example, 
that the declination is precisely 10° east ; I should 
then take my chart, and look for the two lines under 
-'irtiich the declination is 10° east, fully assured that 
4 am under the one or the other of these two lines, 
-which must at once greatly relieve my uncertainty. 
FioaUy, I wouid obierve the height of the pole, 
-which beiog the latitude of my place, nothing more 
^rotdd remain but to mark, on the two hnes men- 
tioned, the points where the latitude is the aame 
'With that which I have just observed, and then all 
my uncertainty is reduced to two points very dis- 
tant firom each other ; now the circumstances of my 
voyage would easily determine which of those two 
places is that where I actually am. 

You will admit that if we had charts such as I 
have described, this method would he the most com- 
modious and accurate of all for ascertaining the 
longitude ; but this is precisely the thing we want; 
and as we are still very far from having it in our 
power to construct one for the time past, which 
would be of no use for the present time, for want of 
a sufficient number of observations, we are still less 
instructed respecting all the chanses of decUnalion 
which every place undergoes in the liipse of time. 
The observations hitherto made assure us that cer- 
tain places are subject to very considerable varia- 
tions, and that others scarcely undergo any, in the 
same interval of time ; which strips us of all hope 
of ever being able to profit by this method, howewr 
-vxeellent it may be in itself. 

ntk Octattr, 1761. 
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Wty doa lit Magnetic Needlt affect, in every PUe»i>f 
the Earth, a certain ZHrtctitm, diffenng in different 
Plaeei ; artd for what Reattm does it change, wHM 
Time, at the same Place t 

Yov will undoubtedly have the curiosity to be iur 
formed why magnetic needles affect, at overy place 
on the etobe, a certain directioD ; why this dir«ctiaa 
ia not tne same at different places ; and why, at the 
■ame place, it changes with the course of time. I 
shall answer these important inqniries to the best 
of my ability, thoug^h, I fear, not so much to your 
Balisfaction as I could wish. 

I remark, lirst, that magnetic needles have this 
property in common with all magnets, and that it is 
only their form, and their being made to balance and 
revolve freely on a pivot, whicn renders it more con- 
spcuous. The loadstone, suspended by a thread, 
turns towards a certain quarter, and when put in a 
imall vessel to make it swim on water, the vessel 
wfait^ supports the loadstone will always aifect a 
certain direction. Every loadstone fitted with two 
opposite points, the one of which is directed to the 
north, and the other to the south, will be subject to 
the same variations as the magnetic needle. 

These points are very remarkable in all load- 
stones, aa by them iron is attracted with the greatest 

They are denominated the poUi of a loadstone— « 
term borrowed from that of the poles of the earth, 
or of the heavens ; because the one has a ttntdencv 
towards the north, and the other towards the soidb 
pole of the earth : but this is to be understood ■• 
miy almost, not exactly, the case ; for when tlw 
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name waa Imposed, the declination had not yet been 
obaerred. That pole of the loadstone which it di- 
rected noTthwurd is called its north pole, and that 
which points southward its south pole. 

I have already remarked, that a magnetic needle, 
as well as the loadstone itself, assumes this situation, 
which appears natural to it only when removed 
from the vicinity of another loadstone, or of iron. 
When a magnetic needle is placed near a loadstone, 
its situation is regulated by the poles of that load- 
stone ; SO that the north pole of the loadstone attracts 
the southern extremity of the needle ; and recipro- 
cally, the south pole of the loadstone the northern 
extremity of the needle. For thia reason, in refer- 
ring one loadstone to another, we call those the 
friendly poles which bear different names, and those 
the hostile which have the same name. This prop- 
erty is tingularlv remarkable on bringing two load- 
BtODea near each Other ; for then we find, that not 
only do the poles of different names mutually attract, 
but that those of the same name shun and repel each 
other. This is still more conspicuoua when two 
magnetic needles are brought within the sphere of 
mutual influence. 

In order to be sensible of this, it is of much im- 
portance to consider the situation which a. magnetic 
needle assumes in the vicinity of a loadstone. 

The bar AB, Pig. ill, represents a loadstone, 



Fig. 111. 
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whose north pole is B, and the south pole A: yoa 
aee varioua positioDS of the magnetic needle, nnder 
the figure of an arrow, whose extremitv marked h ia 
the north pole, and a the south. In aU these pow- 
tions, the extremity b of the needle is directed to- 
wards the pole A of the loadstone ; and the extrem- 
ity a to the pole B. The point c indicxtes the pivot 
x>n which the needle re<r olves ; and you have only to 
consider the ligure with aome attention in order to 
determine what situation the needle will asaume, in 
whatever position round the loadstone the pivot e is 
fixed. 

If there were, therefore, anywhere a very large 
loadstone AB, the magnetic needles placed round it 
would assume at every place a certam situation, as 
we see actually to be the case round the globe. 
Now if the globe itself were that loadstone, we ehould 
comprehend why the magnetic needles everywhere 
assumed a certain direclinn. Naturalists, accord- 
ingly, in order to explain this phenomenon, maintain 



stone. Some of them allege, that there is at the 
centre of the earth a very large loadstone, which has 
«xercised its infiuence on all the ma^elic needles, 
and even on all the loadstones, which are to be 
found on the surface of the earth ; and that it ia this 
influence which directs them in every place, con- 
fonnably to the directions which we observe them 
to assume. 

But there is no occasion to have recourse to a 
loadstone concealed in the bowels of the earth. Its 
surface ia so replenished with mines of iron and 
limdstone, that their united force may well supply 
the want of this huge magnet. In fact, all loadstones 
are extracted from mines — an infalhble proof that 
these substances are found in great abundance in the 
Imwels of the earth, and that the union of all their 
powera funiahes the general force which produces 
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■n the magnetical pbenomeoa. We are likewise 
enabled thereby to ezptain why the magoetic decU- 
nalion changes, with time, at the aaine olace ; for' 
it is well known that mines of every kind of metal 
are subjecl to perpetual change, and particulariy 
those of iron, to which the loadstone is to be re- 
ferred. Sometimes iron isgenerated, and semetimes 
it is destroyed at one and the same place ; there jre 
accordingly at this day mines of iron where there 
were none fomierly ; and where it was formerly 
found in great abundance there are now hardly any 
traces of it. This is a sufficient proof that the totat 
mass of loadstones contained in the earth is ander- 

Soing very considerable changes, and thereby un 
aubtedly the poles, by which the magnetic declina- 
tion is regulated, likewise change with the lapse of 
time. 

Here, then, we must look for the reason why the 
mimetic declination is subject to changes so con- 
siderable at the same place of the globe. But this 
very reason, founded on the inconstancy of what la 

easing in its bowels, affords no hope of our ever 
ing able to ascertain the magnetic declination be- 
fbrehand, unless we could find Ihe means of subject- 
ing the changes of the earth to some fixed law. A 
long series of observations, carried on through 
several ages succeasively, might possibly throw 
some Ught on the subjecl. 
SOtA iktoitr, 1791. 



LETTER LIX. 

£bieidaliaru riveting the Cmue and Variation of Um 
Ikelmation of M^netie Ntedltt. 

Taoai who allege that the earth contains in iia 
iromb a prodigious loadstone, like a stone with r 
bffnel in fruit, aie nuder the necessity of admitting, 
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in onlerto explain the ma^etic declination, that this 
stone is successively shifting its situation. It must 
in that case b« detached from the earth in all its 
parts ; and as its motion would undonbtedly follow 
a certain law, we might flatter ourselves with the 
hope of one day discovering it. But whether there 
be such amagnetic stone within the earth, or whether 
the loadstones scattered up and down through ita 
entrails unite (heir force to produce tlie mafrnetical 
phenomena, w« may always consider the earui itself 
as a loadstone, in subserviency to which every par- 
ticular loadstone, and all magnetic needles, assuiiM 
their direction. 

Certain naturalists have enclosed a verypowerful 
magnet In a globe, and having placed a raa^etic 
needle on its surface, obBerved phenomena similar' 
to those which lake place on the globe of the earth, 
Wplacing the magnet within the globe in several 
different positions. ' Now, considering the earth as & 
loadstone, it will have its magnetic poles, which must 
be carefully distinguished from the natural poles- 
round which it revolves. These poles have nothing' 
in common between ihem but the name; but it is 
from the position of the miignetic poles relatively 
to the natural that the apparent irregularities in the- 
magnetic (feclinalion proceed, and particularly of 
the lines traced on the glotie, of which 1 have en- 
deavoured to give you some accounl. 

In order more clearly to elucidate this subject, I 
remark, that if the magnetic poles eiaelly coincided 
with the natural, there would be no declination all 
over the earth ; magnetic needles would universally 

Kint to the north precisely, and their position would 
exactly that of the meridian line. This would no 
doubt be an unspeakable advantage in navigation, as 
we should then know with precision the couree of 
the vessel and the direction of the wind: whereas 
at present we mu'tl always look for the declinatioa 
of the compass before we are able to determine th&. 
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ink quarters of the world. But then the compaM 
could rumish no assistance towards ascertaioiag the 
longitude, an object which the declination may Booner 
or Eiter render attainable. 

Hence it may be concluded, that if the ma^etic 
poles of the earth diRered very greatly Irom the 
natural, and that if they were directly opposite to 
eacli other — which would be the case if the mag- 
netic axis of the earth, that is, the straight liue 
drawn from the one magnetic pole to the other, 
passed through the centre of the earth — then mag- 
netic needles would universally point towards these 
magnetic poles, and it would be easy to assign the 
magnetic direction proper to every place ; we should 
only have to draw for every place a circle which 
should at the same time pass Uirough the two maS' 
netic poles, and the angle which thia circle woud 
make with the meridian of the same place must gire 
the magnetic declination. 

In this case, the two lines under which there is no 
declination would be the meridians drawn through 
the magnetic poles. But as we have seen Uiat, ia 
reality, these two lines without decUuation are not 
meridians, but take a very unaccountable direction, 
it is evident that no such case actually takes place. 
HaUey clearly saw this difficulty, and therefore 
thouKht himself obliged to suppose a double load- 
stone in the bowels of the eartli, the oiie fixed, the 
other moveable ; of consequence, he was obUged to 
admit four poles of the earth, two of them towards 
the north and two towards the south, at unequal dis- 
tances. But this hypothesis seems to me rather s 
bold conjecture: it by no means follows, that be- 
cause these lines of no declination are not meridians, 
there roust be four magnetic poles on the earth ; but 
rather, that there are only two, which are not directly 
Ofiposite to each other; or, wliich comes to the same 
thmg, that the magnetic axis does not pass throu^ 
the centre of the earth. 

Vol. II^S 
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It reniEuns, therefore, that we coflaider the cuMr 
in which these two magnetic poles are not directly 
opposite, and in which the mimetic axis does not 
pass through the centre of the earth; for if we eio- 
brace the hypothesis of the magnetic nucleus within 
the earth, why should one of its poles be precisely 
opposite to the other T This nucleus may very 
probably be not exactly in the very centre of the* 
earth, but at a considerable distance from it. Now, 
if the maenetic poles are not diametrically opposite 
to each other, the Unes of no declination may actually 
assume a direction similar to that which, from ob- 
servation, we find they do ; it is even possible to 
Hssign to the two magnetic poles such places on the 
earth, that not only these lines should coincide with 
observation, but likewise, for every de^ee of decli- 
nation, whether western or eastern, we may taS 
lines precisely similar to those which at first seemed 
so unaccountable. 

In order, then, to know the state of magnetic 
declination, all that is requisite is to fix the two' 
magnetic poles; and then it bcconies a problem in- 
geometry to determine the direction of all the lines- 
wliich I mentioned in my preceding Letter, drawn 
for every place where the declination is the same: 

S' such means, too, we should be enabled to rectify 
ese lines, and to lill up the countries where nw 
observations have been made ; and were it possible 
to asaign, for every future period, the places of Che' 
two magnetic poles on the globe, it would undoubt- 
edly ptove the must satisfactory solntion of the' 
problem of the longitude. 

There is no occasion, therefore, for a double load* 
sttme within the earth, or for four magnetic poles, in 
order to explain the declination of magnetic needles, 
at HaUey supposed ; but for a simple magnet, or twO' 
magnetic potes, provided its just place is assigned to 
eacB.* It appears to me, that, from this reflection. 
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we are moch vore adranced in our knowledg* of 

magnetism. 
Uli Octobtr, 1761. 



or Dip Iff MagntHe NetJla. 

YoD will please to recollect, that on rubbing a 
needle against the loadstone, it acquires not only the 
property of pointing towards a certain point of the 
horizon, but that its northern extremity Mnks, as if 
it had become heavier, which obliges us to diminish 
its weight aomenhat, or to increase that of the other 
extremity, in order to restore the equilibrium. I 
have, without putting this in practice, made several 
experiments to ascertain how far the magnetic force 
brought down the northern extremitjr of the magnet- 
ized needle, and 1 have found that it sank so as to 
make an angle of 73 degrees with the horizon, and 
that in this situation the needle remained at rest. It 
is proper to remark, that these experiments were 
msde at Berlin about six years ago ; lor I shall show 
jou afterward, that this direction to a point below 
the horizon is as variaUe as the magnetic declina- 
tion. 

Hence we see that the magnetic power prodncea a 
Aiuble effect on needles ; the one directs the needle 
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I THE aAORlTIC MBEDLE. 



Fig. lU 
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tomtia a certain quarter of the honion, the defla- 
tion of which from the meridian line is what we 
call the magnetic declination ; the other impreases on 
it an inclination towards the horizon, sinking the one 
orthe other estremity under it up to a certain angle. 

Let d e, Fis. 112, be the hori- 
zontal Une, drawn according to 
the magnetic declination, and 
the ne^e will assume, at Ber- 
lin, the situation b a, which 
makes with the horizon d e thi 
angle i c ft, or e c o, which i 
73°, and consequently with the 
vertical/^ an angle ft c g, or 
a c/, of 18°. This second effect 
of the magnetic force, by which 
the magnetic needle affects a certain inclina- 
tion towarda the horizon, is as remarkable 'as the 
first \ and as the first is denominated the magnetic 
declination, the second is known by the name of 
magnetic intlinalion or dip, which deserves, as weU 
as the declination, to be everywhere observed with 
aUpoBsible care, as we find in it a similar variation. 
The inclination at Berlin has been found 79' ,• at 
Bisle only 70°, the northern extremity of the needle 
being Bunli, and the opposite, of consequence, raised 
to that angle. This takes place in countries which 
are nearer to the northern magnetic pole of the 
earth ; and in proportion as we approach it, the 
greater becomes the inclination of the magnetic 
needle, or the more it approaches the vertical line; 
so that if we could reach the magnetic pole itself, 
the needle would there actually assume a vertical 
situation; its northern extremity pointing perpen- 
dicularly downwards, and its southern end npwards.f 




The farther, «it th« contrary, 70a remove flrom tba 



it will at length disappear, and the needle will aairuine 
a horizontal position, when equally distant from both 
poles 1 but in proceeding lowardB the south pole of 
the earth, the southern extremity or the needle will 
Bink more and more wider the horizon, the northern 
extremity rising in proportion, till at the pole itself 
the needle again becomes vertical, with the south- 
ern extremity perpendicularly downwards, and the 
northern upwards. 

It were devoutly to be wished that experiments 
hail been as earemlly and as generally made, with 
the view of ascertaining the magnetic mcltnation as 
of determining the declination; but this important 
article of experimental philosophy has hitherto been 
too much neglected, though certainly neither tesa 
curious nor less interesting than that of the decUna- 
tion. This is iwt, however, a matter of surprise : 
experiments of this sort are subject to too many 
difficulties; and almost all the methods hitherto at- 
tempted of observing th^ magnetic inclination have 
failed. One artist alone, Mr. Diterich, of Bftsle, has 
aacceeded, having actuEdly constructed a machine 
proper for the purpose, under the direction of the 
celebrated Mr, banUl BemouiUi. He sent me two 
of the machines, by means of which I have observed, 
at Berlin, this inclination of 73 degrees ; and how- 
: curious in other respects uie EngUsh and 



French may be in prosecutmg such inquiries, they 
have put no great value on Mr. Diterici't machine, 
ugQ it is Uie only one adapted for this purpose.* 
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This instance demonatrateB how the profrew of 
Bcience may he obstructed by prejuoice ; hence 
Berlin anij BIsle are the only two places on the 
globe where the magnetic inclination ib known. 

Needles prepared for the construction of com- 
passes are by no means proper to indicate the quan- 
tity of magnetic inclination, thongh they raay convey 
a rough idea of its eflect, because the norUiern ex- 
tremity in these latitudes be comes heavier. In order 
to render aervice^k needles intended to discover 
the dechnation, we are under the necessity of de- 
stroyiiif; the effect of the incUnation, hy diminiahing 
the weight of the northern extremity, or increasing 
that of the southern. To restore the needle to a 
horizontal position, the last of these methods la 
usually employed, and a small morsel of wax is 
affixed to the southem" extremity of the needle. 
You are abundantly sensible that this remedy a{)plie9 
only to these regions of the globe where the inclj- 
natory power is so much, and no more; and that 
were we to travel with such a needle towards the 
northern magnetic pole of the earth, the inclinatory 
power would increase, so that to prevent the effect 
we should be obliged to increase the. quantity of 
wax at the southern extremity. But were we travel- 
ling southward, and approaching the opposite pole 
of the earth, where tne inclinatory power on the 
northern extremity of the needle diminisbesi the 
quantity of wax affixed to the other extremity must 
then lilicwise be diminished; afler that it niuatbe 
taken away altogether, being wholly nseless when 
ve arrive at places where the magnetic inclination 
disappears. On proceeding still forward to the soath 
pole, the southern extremity of the needle sinks j ao 
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that to remedy thia, a morsel of wax must be affixed 
to th« northern exiremity of the needle. Such are 
the means employed in long voyages to. preserve 
the compass in a horizontal position. 

In order to observe the magnetic inclination, it 
vrould be necessary to have instruments made on 
purpose, Bimilar to that invented by the artist of 
BIsle. His instrument is called the inclinatory; but 
there is litUe appearance of its coming into general 
Use. It is still less to be expected that we should 
soon have charts constructed with the magnetic in- 
clination, similar to those which represent the decli- 
nation. The same method might easily be followed, 
by drawing lines through all the places where the 
magnetic inclination is the same ; so that we should 
have lines of no inclination ; afterward other lines 
where the inclination would be 5°, 10°, 15°, 20", and 
BO on, whether northward or southward.* 

SniA October, 1781. 



LETTER LXI. 

TVtw Magnttie Direction ; tubtUe Matter ahich 
produee* the Magnetic Poaer. 

In order to form a just idea of the effect of the 
earth's magnetic power, we must attend at once to 
the declination and inclination of the ma^etic 
needle, at every place of the globe. At Berbn, we 
know the declination is 16° west, and the inclination 
of the northern extremity 7d°. On considering 
this double effect, the declination and inclination, 
we shall have the true magnetic direction fot Berlin. 
We drew first, on a horizontal plane, a line which 
' ahall make with the meridian an angle of 15° west, 
find thence descending towards the vertical line, we 

• ■«»«■« LmirLVL 
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trace a new line, which shall make with it an an^ 
of 72° ; and this will gi»e us the magnetic direction 
for Berlin : from which you will comprehend how 
the magnetic direction for evei^ other place is to 
be ascertained, provided the inclmation Bnd declina- 
tion are known. 

Every magnet exhibits phenomena altogether 
similar. You have only to place one oh a table 
covered with filings of steel, and you will setf the 
filings arrange themselves round the loadstone A B^ 
neaMv as represented in R^. 113, j^. nj. 

in which every particle of the ^-.^^—^a,. 
filings may be considered a 
small magnetic needle, indicating j 
at every point round the load- ^ 
stone the magnetic direction. 
This experiment leads us to in- 
4)uire into the cause of all these 
phenomena. 

The arrangement assumed by the steel filing* 
leaves no room to doubt that it is a subtile and 
invisible matter which runs through the particles of 
the steel, and disposes them in the direction whicb 
we here observe. It is equally clear thai this sub. 
tile matter pervades the loadstone itself, entering at 
one of the poles, and going out at the other, so as 
to form, by itscontinu^ motion round the loadstone, 
avMiexwhich reconducts the subtile matter from 
one pole to the other ; and this motion is, withoat 
doubt, extremely rapid. 

The nature of the loadstone consists, then, in a 
continual vortex, which distinguishes it from all 
other bodies ; and the earth itself, in the quality of 
a loadstone, must be surrounded with a similar tch<- 
tex, acting everywhere on magnetic needles, and 
making continual efforts to dispose them accwdiiig 
to its own direction, which is the same I fomerly 
denominated the ma^etic direction: this t '" 
nutter is CDUtinaallY issHing at one of the n ~ 
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poles of the earth, and after having performed a 
circuit round lo the other pole, it there eaten, and 
pervadee the globe through and through to the oppo- 
site pole, where it again escapes. 

We are not yet enabled lo determine by whichof 
the two magnetic poles of the earth it enters or 
issues ; the phenomena depending on this have such 
aperfect resemblance, that they are indistinguishable. 
It is undoubtedly, likewise, this Keneral vortex of 
the globe which supplies the subtile matter of every 
particular loadstone to magnetic iron or steel, and 
which Iteeps up the particular vortices that surround 
tbeui. 

Previous to a thorough investigation of the naturo 
of this subtile matter, and its motion, it must be re> 
marked, that its action is confinedto loadstone, iron, 
and steel ;* all other bodies are absolutely indifferent 
to it : the relation which it bears to those must 
therefore be by m> means the same which it bears to 
othfrs. We are warranted to maintain, from mani- 
fold eiperiments, that this subtile matter freely per- 
vades all other bodies, and even in all directions, 
for when a loadstone acts upon a needle, the action 
is perfectly the same whether another body inter- 
poses or not, jjrovided the interposing body is not 
iron, and its action is the same on the filings of iron. 
This Subtile matter, therefore, must pervade all 
bodies, iron excepted, as freely as it does air, and 
even pure ether ; for these experiments succeed 
equally well in a receiver exhausted by the air-pump. 
Tnis matter is consequently different fVom ether, 
and even much more subtile. And, on account of 
the general vortex of the earth, it mav be allinned^ 
that the globe is completely surrounded by it, and" 

•PnAnor HindtMi liu Itlely (band Ital turj toUmI oIiJki, of 
Wtiiuvar nulerlBlm hi ii rompoad. hnt ■ mfignflic tovrh ^r oAow, uid 
« nagiul^ iwrtA paie ^Utvr tliEi cDhout (kcC tm Tiu poI bsjand ■ 

an Jidk^TridH o?il« im«i2iM iJf iii™mi«r^)«.^^ ul tdn- 
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r MAOintTic Kattkb. 



tbe loadHtone and iron; for this reaaon irox a 
steel may be deno minuted magnetic bodies, to dis- 
tinauish them from others. 

But if this magnetic matter passes freely through 
all non-magnetic bodies, what relation can it ha.ve to 
those which are such ' We hare just observed, that 
the magnetic vortex enter* at one of the poles of 
every loadstone, and goes out at the other; whence 
it may be concluded that it freely pervades load- 
stones likewise, which would not distinguish them 
from other bodies. But as the magnetic matter 
passes through the loadstone only from pole to pole, 
this is a circumstance very different from what takes 
place in others. Here,.tben, we have the distinctiTe 
character. Non^nagnetic bodies are freelv pervaded 
fay the m^Tietic matter in all directions: loidHooea 
are pervaded by it in one direction only ; one of the 
|ioles being aikpied to its admiHsioo, the other lo 
Its escape. Bnt iron and steel, when rendend 
magnetic, fulfil this last condition ; when they are 
not, it may be affirmed that they do not grant a 
free transmission to tbe magnetic matter in any 
direction. 

This may appear strange, as iron has open pores, 
which transmit the ether, though it is not so subtile 
as the magnetic matter. But we must carefoUv dis- 
tinguish a simple passage, from one in whicn tbe 
magnetic matter may pervade the body, with all its 
rapidity, without encountering any obstacle. 

3l*i Oetobir, 1761. 



LETTER UCIL 

Nalurt oftKe Sfagnelk Matter, and ofiU rapid Owml. 
Magnetic Canaii. 

I AM very far from pretendin^to explain perfeetty 
the phenomena of magnetism; it presents difficitftieB 
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iriiich I £d not find in those of electricity. The 
cause or it undoubtedly ia, that electricity consists in 
too ^at or too small a degree of compression of a 
mbtile fluid which occupies the pores of bodies, 
without supposing that si^tile flnid, which is the 
«tber, to be in actual motion : but magnetism cannot 
be ezpiamed nnless tie suppose e Tortez in i^d 
agitation, which penetrates magnetic bodies. 

The matter which constitutes these vortices is 
likewise much more subtile than ether, and freely 
pervades the pares of loadstones, which are impei- 
Tious even to ether. Now, this magnetic matter is 
diffiised through and mixed with the ether, as the 
ether is with gross air; or. Just as ether occupies 
and fills up the pores of air, it may be affirmed that 
the magnetic matter occupies and fills the pores of 

I conceive, then, that the loadstone and iron haTo 
pores so small that the ether in a body cannot force 
its way into them, and thai the magnetic matter 
alone can penetrate them ; and which, on being ad- 
mitted, separates itself from the ether by what may 
be called a kind of filtration. In the pores of the 
loadstone alone, therefore, is the magnetic matter to 
be found in perfect purity: everywhere else it is 
blended with ether, as this last is with the air. 

You can easily iraagine a series of fluids, one 
always more siditile ilun another, and which are 
perfectly Wended together. Nature furnishes in- 
stances of this. Water, we know, contains in ita 
pores particlei of air, which are frequently seen 
aischarging themselves ia the form of small bubbles : 
air again, it is equally certain, contains in its pores k ' 
fhiid mcomparaWy more subtile — namely, ethei^-and , 
which on many occasions is separated from it, as in 
electricity. And now we see a still further progres- 
sion, and that ether contains a matter much more 
sobtile than itself— the magnetic matter— which may 
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parhapB contain, in its tarn, others stiU more sabtilSr 
at least thia is not iniposaible. 

Having conBidered the nature of this magnetic 
matter.ktusseehow the phenotoenaare produced. I 
considers loadstone, then ; and say, fint, that besides 
a sreal many pores liUed with ether, Uke all other 
bodies, it contains some still mnch more narrow, into 
which the magnetic matter alone can And admiBsioo. 
Secondly, these pores are disposed in such a manner 
as to have a communication with each other, and 
constitute tubea or canals, througph which the fasg- 
neiic matter passes from the one extremity to the 
other. Finally, this matter can be transDiittedthrangli 
these lubes only in one direction, without the powi.- 
bility of returning in an opposite direction. Thia 
most essential circumstance reqiures a 



more parti ciiar elucidation. 

First, then, 1 remark, that the TCina 
and lymphatic vessels in the bodies of 
animals are tubes of a similar con- 
struction, containing valvfcs, represented 
in Fi^. 114, by the strokes m n, which, 
by raising themselves, pant a free pas- 
sage to the Uood when it flows front 
A to B, and to prevent its tsflux from B 
to A. For if the blood attempted to flow 
from B to A, it would press down the 
moveable extremity of the valve m on the 
side of the vein a, and totally obstruct 
the passage. Valves are thus employed 
in aqueducts, to prevent the reflux of the 
water. I do noi consider myself, then, 
as supposing any Ihiii^conlran' to nature, 
when isay that the' canals in luadstones, 
which admit the magnetic matter onl^, 
Knot the same construction. 



Fig.n*. 
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Fig. lis, representa this magnetic canal. Fig, 115. 
ftccordiiw to my idea of it. I conceive it n' 
fumiBhed inwardly with brittle directed 
from A towards B, which present no oppo- 
aitioD to the magnetic matter in its passage 
from A to B, for iu tbia caae they open of 
themaelves at n, to let the matter paaa at 
o; but they would immediately obstruct the 
channel were it to attempt a retrograde 
course from B to A. The naturo of mag- 
netic canals consists, then, in granting 
admission to the matpetic matter only at 
A, to flow towards •§, without the possi- 
bility of returning in the opposite direction 
from B towards A. 

This construction enables us to ezplai 
how the magnetic matter enters into t^es 
tubes, and flies through them with the f^reat- 
est rapidity, even when the whole ether is 
in a state of perfect rest, which is the most 
aarpriaing; iorhowcanamotionsorapidbe _ \^ 
produced! This will appear perfectly clear • 

to you, if you will please to recollect that ether is a 
matter extremely elastic ; accordingly, the magnetic 
matter, which is scattered about, will be pressed by 
it on every aide. Let us suppose the magnetic canal 
A B still quite empty, and that a particle of magnetic 
matter m presents itself at the entrance A ; and this 
particle pressed on every aide at the opening of the 
canal, into which the ether cannot force admission, 
it will there be pressed forward with prodigious foroe, 
and enter into the canal with eaual rapidity : another 
particle of magnetic matter will immediately present 
itself, and be driven forward with the same force ; 
and in like manner all the following particles. There 
will thence result a continual flux of ma^etic matter, 
which, meeting with no obatruction in this canal, 
wiQ escape from it at B with the same rapidity tJiet 
it enters at A. 

Vol. II.— T 
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My idea then is, that everv loadstone conUim s 
great niuttitnde of these canals, which I deooipinate 
magnetic ; and it very naturally followB, that the 
magnetic matter dispersed in the ether must enter 
into them at one extremity, and escape at the Other, 
with oteat impetuosity ; that is, we shall hare a per- 
petud current of raaBTietic mutter through the canala 
of the loadstone i and tfiua 1 hope I have surmounted 
the greatest difficulties which can occur in the thewy 
of magnetiam. 

3d November, 1781. 



LETTER LXIII. 

Magnetic Vortex. Action of Magnets upon each atier. 

You have now seen in what the distinctive chuacter 
of thQ loadstone consists ; ^md that each contains 
several canals, of which I have atteorpled to give ■ 
description. ' 
Vig. 116 represents a loadstone Fig. 116. 

A B, with three magnetic canals 

a b, through which the magnetic , 
matter will flom with the utmost 
rapidity, entering at the extremi- 
ties marked a, and escaping at J 
tiioae marked b: it will escape 
indeed with the same rapidity; 
but immediately meeting with the ' 
ether blended with the grosser air, 
great obstructions wiH oppose the conlinuatiOD of its 
motion in the same direction; and not only will the 
motion be retarded, but its direction diverted towards 
the sides c c. The same thing will take place at the 
entraifce, towards the extremities a a a; on account 
of the rapidity with which the particles of magnetic 
matter force their way into them, the circulation 
. will quickly overtake those which are still towards tits 
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aides e t, and tbeae in their tnrn will be replac^bjr 
those which, escaping from the extiemities J^ 4, 
haye been already diverted towards c c ; so that thft 
aame magnetic matter which issued from the ex- 
tremities ibb quickly returns towards those marked 
a a a, performing the circuit b c d ea; and this cir* 
cnUtioB ronnd the loadstone is what we call tha 
tnagnttic vortti. 
, It must not be imagined, however, that it is alwayq 
the same magnetic matter which forms these vor- 
tices : a connderable part of it wlU escape, no doidit, 
as well towards B as towards the sides, in performing 
tiie circuit ; but as & compensation, fresn magnetic 
matter will enter by the extremities o a a, so ttut the 
matter which constitutes the vortex is succedaneous - 
and very variable ; a magnetic vortex, surrounding 
the loadstone, will, however, always be kept up, an3 
produce the phenomena formerly observed in fllingq 
of steel scattered it>und the loadstone. 

You, will please further to attend to this circum- 
stance, that th^ motion of the Aiagnetji; matter in 
the Tortex is incomparably slower out of the load- 
stone than in the magnetic tubes, where it is sepa- 
rated from the ether, after having been forced into 
them by all the elastic power of this last Quid ; and 



velocity in travelling to the extremities a o a is incom- 
parably less than in the magnetic canals a b, though 
still veiy great with respect to us. You will easily 
comprehend, then, that the extremities of the mag- 
netic canaia, by which the m^ter enters into the 
loadstone and escapes from it, are what we call its 
poles ; and that the raagoetic poles of a leadstone 
are by no means mslhematical points, the whole 
space in which the extremities of the magnetic canals 
tenainate being one magnetic pale, as m the load- 
atone represented by f^. 113 (p. S19), where the 
vrbole surfaces A. and B are the two pole& 
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Now, tliough llieae poles are diet ingiii shed by the 
temis north and si^lh, yet we cannot aflirm with cer- 
tainty whether it is by the north or soulh pole that 
the mapTieiic matter enters into loadstoneB. You 
viU sec, in the sequel, that all the phenomena pro- 
duced by the admiBsion and escape have such a per- 
fect resemblance that it nppeara impossible lo deter- 
mine the question by experiments. It is therefore 
a matter of indifference whether we suppose that 
the raafmrtic matter enterB or escapes by the north 
pole or by the south. 

Be this as it mny, I fihall mark with the letter A 
the pole by which the magnetic matter enters, and 
with B that by which il escapes, without pretending 
thereby to indicate wljich is north or south. I pro- 
ceed to the consideration of these vortices, in order 
to form a Judgment how two loadstones act upon 
eich other. 

Let us suppose that the two loadstones A B and 
8S,J>j-. 117, are presented to Fig. 117. 

e«ch Other i^ the poles of the ^— "^—Jt, Jf. 
Mine name A, a, and their f___) i'__~r^ 
vortices will be in a state of S^ ^ ^i -*^'!?,!'!?!^ 
total opposition. The magr- \ ) '. J 

Iietic matter wliicli is at C '--ji— ' ^-5. — 
will enter at A ajid a, and tliese 
two vortices atlemptiiip rautur^Uy to destroy each 
other, the matter wliich proceeds by F. to enter at A 
will meet at D that of the other loadstone returning 
by # to enter at a : from this must result a collision 
of the two vortices, in which the one will repel the 
Other; and this cfTeot will extend to the loadstonM 
themselves, which, thus situated, underpo mutual 
repulsion. Tlie same thtng would take place if the 
two loadstones presented to each other the other 
poles B andi: for this reason the poles of the same 
name are denominated hottite, because they actually 
repel each other. 

But if the loadstones present lo each other Iha 



L 
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polfli of a dMerent name, an oppoaito effect will 
ensae. md you will perceive thatttiey have a mutual 
attraction. 

In Fig. 118, where the Fig. 118. . 

two loadBtouea present U> 
each other the polea B and 
a, the magnetic matter j'L 
which issues from the pole 
B, finding im ni edi ately free 
admission into the other 
loaditone bv its pole a, 
will not be diverted towards the sides in order to 
return and re-^iter at,A, but will pass directly 1^ C 
jnto the other loadstone, and escape from it at i.and 
wiH^rfonn'the circuit by the sides d d,to re-enter, 
not by the pole a, but by the pole A, of the other 



were but one ; and this vortex, being compressed o,. 
all sides by the ether, will impel the two loadstones 
towards each other, so that they will exhibit a mutual 
attraction. 

This is the reason why the poles of dilFereDt names 
are denominated^rinuiJy, and those of the same name 
hottiU, the principal phenomenon in magnetism, in 
as mach as the poles of different names attract, and 
ttiose of the same name repel each otter. 

T(A Notxmber, 1761. 



LETTER LXIV. 



HiTUfg settled the nature of the loadstone in these 
cuMla which the magnetic matter can pervade in 
only one direction, bwause the valves they contain 
ftrevanJ ita return in the coctnuy direction, you iwn 
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no longer AoiM that they are the i«i|Ktunutioii of 
those pores (see Fig. 116, p. 017), whose fbtM 
point in the same direction ; so that seieral of these 
partides^ be iiifT joined in continuation, constitute one 
magnetic canal. It is not sufticienl, therefore, that, 
tite matter of the loadstone shoald contain muy 
Bimilar particles ; they must likewise be disposed in 
such a manner as In form canals continued from one 
extremity to the other, in order to grant an uuinter- 
nipted transmission to the magnetic matter. 

Iron and steel, llien, apparently contain such par- 
ticles in great abundance ; these are not, however, 
originally disposed in the manner I have been de- 
scribing, but are scattered over the whole maas, and 
-this dispoaition IE all they want to become realtaag- 
nets. In that case, they stilt retain all their other 
qualities, and are not distingnishable from other 
maBsea of iron and steel, except thai now the^r have 
besides the propertiea of the loadstone ; a knife and 
a ne«dle answer the same purposes, whether they 
have or want the magpetic virtue. The change 
which takes place in the interior, from the arrange- 
ment of the particles in the order which msntetism 
requires, ia not externally perceptible; and uie iron 
or steel which has acquired the magnetic force ia 
denominated nn artificial magnet, to distinguish it 
from tjie natural, which resembles a stone, thoo^ 
Uie magnetic properties are the same in both. Yoa 
will have a cnriosity, no doubt, to be informed in 
what manner iron and steel may be brought to re- 
ceive the magnetic force, and so become artificial 
magnets. Nothing can be more simple; and the 
vicinity of a loadstone is cspable of rendering iron 
somewhat magnetic : it is the magnetic vortex which 
produces this efTect, even though the iron and load- 
stone should not come into contact. 

Howeverhard iron mayappear, the particles whicfc 
contain the magnetic pores formerly repreaented am 
very plianl in substance, and the smallest fore* ia 
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sufficient to dnnfe their sitaation. The magnetic 
matter of the vortex, entering into the iron, will then 
easily diipos» the first magnetic pores which it 
meets following its own directions — thoae at least 
whose situation is not very diOerent ; and hsTing nm 
through them, it will act in the same manner on the 
adjacent pores, till it has forced a passage quite 
through the iron, and thereby formed some magnetic 
canals. The fif^re of the iron conthbates greatly 
to fftsilitate this change ; a lengthened flgnre, and 
placed in the same direction with the f ortez, is most 
adapted to it, as the masnetic matter, in passing 
through the whole length, disposes there a great 
many particles in their just situation, in order, to 
fonff longer magnetic canals ; and it is certain, that 
the more there is the mepna o( forming canals, and 
the longer they are without interruption, the more 
rapid will be the motion of the magnetic matlar, and 
the greater the magnetic force. 

It has likewise been remarked, that when the iron 
placed in a magnetic Vortex is violently shaken or 
struck, it acquires a higlier degree of magnetism 
frqm this, because the minute particles are by anch 
concussion agitated and disengaged, so as to yield 
more easily to the action of the magnetic matter 
which penetrates them. 

Placing accordingly a small Fig. 119. 

bar of iron a b, Ftg. 1 19, in the 
vortex of the loadstone A B, 
sofhatitsdirectionmaynearly .„, 
agree with that of the current ■^.-^ii 
d ef of the magnetic matter, it f^ijlj, 
will with ease pass through jt'^" 
the bar, and form in it mag- '.|), 
nettc canals, especially if at 
the same time the bsr ia sha- 
ken or struck to facilitate the 
transmission. It is likewise 
obMTvable, that the magnetic matter which « 
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at the pole A of the loadstone, snd eecapes at the 
pole B, will enter the bar at the extremity a, and 
eacuM at the extremity b, so that the extremity « 
will become the pole of the same Dame A, and b the 
same wiUi B. Then taking thia bar a b out of the 
magnetic vortex, it will be an «rtiflcial magnet, ' 
though very feeble, which will supply its own vor- 
tex, and preserve ita roa^etic power, as long aa ita 
magnetic canals shall not be interrupted. This will 
take place so much the more easily that the pores of 
iron sre pliant ; thus the same circumstance which 
assiats tne production of magnetism contribute! 
likewise to its destruction. . A natural magnet is 
not so easily enfeebled, because the pores are much 
closer, and more considerable efforts are requisite to 
derange them. I shall go faoie laigely into the de- 
tail afterward. 

I here propose to explain the manner of most 
naturally rendering iron magnetic ; though the force 
which it thence acquires is very small, it will asaist 
us in comprehending this remarkable and almost 
universe pheaomenon. It has been observed, that 
tongs and other implements of iron which «re 
usually placed in a vertical position, as well as ban 
of iron fixed perpendicularly on steeples, acquire in 
time avery sensible magnetic force. It has likewise 
been perceived that a bar of iron, hammered in a 
vertical position or heated red-hot, on being plunged 
into cold water in the same position, becomes aome- 
what magnetic, without the apphcatton of any lo&d- 

In order to account for this phenomenon, you have 
only to recollect that the earth itself is a loadstone, 
and consequently encompassed with a magnetic vor- 
tex, of which the declination and incUnation of the 
magnetic needle everywhere show the true direction. 
If then a bar of iron remain long in that position, 
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tion of the magnetic needle is at Berlin 73 degrees ; 
iind as it is nearly the same all over Europe, this 
inclination difTers only 18 degrees from the vertical 
position; the vertical position, accordinjjly, diffets 
but little from the direction of the ma^eiic vortex : 
a bar of iron, long kept in th&t position, will be at 
last penetrated with the magnetic vortex, and must 
consequently acquire a magnetic force. 

In other countries, where the inclination is im- 
perceptible, which is the case near the equator, it is 
not Ihc vertical, but rather the horizontal position, 
which rendera bars of iron magnetic ; for their posi~ 
tion must correspond 1o the magnetic inclination, if 
you would have them acquire a magnetic force. I 
speak here only of iron ; steel is too hard for the 
purpose, and means more efficacious must be em- 
ployed to commnnicnte the magnetic virtue to it.* 

lOth November, 1761. 

•Capuin Sambj hiii luil;' dliunnrFd i nMbol ormiiklBf utlDstal 
mafiKui, BUMf rmnrlwprontaorhfuninerrnsiDniUEl. [|v Riund (bu 
nbtro/KrflWMl.Bj Incbnlnnf, j oCmi InehlndlimsUr.uiri W»1|1i1m 
3IR«Tiln(, nlHii liaiinnHmlJil irrnlnl dlNclMn, onunvnoormNll 
D« rtntUlfhHM^ tcqqlivd, Bfln Hmtnaa hlam. ■ liUnr noWDr at Al 
inliM. WlKni aimllirlia 



I unv Eurwiw jvHitifl iii'0 « moA Imporltnt pnctlcal aiipllcitloa. 

roHMiK-fiiaiUa, nbleh will innni wUh (ml fteilllT wtwn •Bjmideil 
b;i)it)rnrBilciid>r[bn*d, Bjlbli nnnn iIk ihliiwiHtod nwriiwr 
mi pMitii hlBiHiriB 111* bat u iHoniHT u irbt Iwd btM tbla m«m 
towniy— . FBrhnlnr lntoiMIkoniinlliMniltJ«lH*ilitUMiavt 
TVitniiieltiiii. Tol. Ii. p Ml: PkilirvkiialTninmfliiiiu, I8Sl,p.MI; 
ud Biin^rgk PtilsiDpituJ Jturnai, vol. Ii. p.41,— ££ 
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LETTER LXV. 

Helton ^ LoadsUme* on Iron. Phenomena otMervabU 
on placing Piecei of Jrm near a Loadttimt. 

Thocob the whole earth may be considered as a 
vast loadstone, and as encompasaed with a magnetic 
vortex which everywhere directs the magnetic nee- 
dle, its magnetic power is, however, veiv feeble, and 
mnch less than that of a very small loaostoDC : this 
appears very strange, considering the enonnoiu 
nagnitude of the eaith. 

H arisefl undoubtedly from our very remote dis- 
tance from the real magnetic poles of the earth, 
which, from every appearance, are buried at a great 
depth below the surface : now, however powerful a 
loadstone may be, its force is considerable only 
when it is very near ; and as it removes, that force 
eradually diminishes, and at length disappears. For 
uiis reason the magnetic force acquired in time 1^ 
masses Of iron suitably placed in the earth's vortex 
is very small, and indeed hardly perceptible, unless 
it is very sod, and of a figure adapted to the produc- 
tion of a vortex, as has been already remarked. 

This effect is much more considerable near a load- 
stone of moderate size: small masses of iron roeedily 
acquire from it a very perceptible magnetic force^ 
tiiey are likewise attracted towards the loadstone; 
whereas this effect is itnperceptible in the earth's 
TOrtex, and consists only in directing magnetic 
needles, without either attracting them or iocreas- 
iog their wei^t. 

A mass of u^n plunged into the vortex of a load- 
stone likewise presents very curious phenomena, 
which well deserve a particular explanation. Not 
otdy is this mass at first attracted towards the load- 
atone, butjt too attracts other pieces of iron. Lrt 
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A B, Fig. 190, be a natural magnet, in the Tjcinily 
of which, at the pole B, is placed the mam of iron 
C D, and it will bo found tliat this last ia c^tatde of 





'Mp "^ 




m 


. 









supporting a bar of iron E F. Apply a^n to this, 
at F, an iron ruler G H, in any position whatever, say 
horizontal, supporting it at H, and it will be found 
that the ruler is not only attracted by the bar F, but 
hkewise capable of supporting at H needles as I K, 
and that these needles again act on filings of iron 
L, aiid attract them. 

The magnetic force may thus be propagated to 
very considerable distances, and even made to change 
its airection, by the different position of these pieces 
of iron, though it gradually diminishes. You are 
perfectly sensible, that the more powerful the load- 
stone A B is of itself, and the nearer to it the first 
mass C D, the more considerable likewise ia the 
effect. The late Mr. de Mauptrtuu had a large load- 




aSB AcnoK or loamtonks os IEOM. 

stone BO powerful that at the distancv even of Bareral 
feet, the man of iron C D continued to exert a Teiy 
conaiderabte force. 

la order to explain these phenomena, you have 
only to consider that the magnetic matter which 
escapes rapidly at the pole of the loadstone B enters 
into the mass of iron, and disposes the pores of it 
to form ma^etic canals, which it afterward freely 
pemdes. In like manner, on entering into the bar. 
It will there too form magnetic canal^— and so on. 
And as the magnetic matter, oa issuing from one 
body, enters into another, these two bodies must un- 
dergo a mutual attraction, for the same reason, aa 
I have before proved, that two loadstones, which 
present their friendly poles to each other, must be 
atlracted -, and as often as we observe an attraction 
between two pieces of iron, we may with certainty 
conclude that the magnetic matter which issues 
from the one is entering into the other, Trom the 
continual motion with which it penetratea these 
bodies. It is thus that, in the preceding disposititHL 
of the bars of iron, the magnetic matter in its motion 
pervades all of them ; and this is the only reason of 
their mutual attraction/ 

The same phenomena still present themselves on 
turning the other pole A of the loadstone, by which 
the maignetit; matter enters, towards the mass of 
irvn. The motion in this case becomes retrograde, 
And preserves the same course ; for the magnetic 
mattercontainedin the mass of iron will then escape 
from it, to pass rapidly into the loadstone, and in 
making its escape will employ the same efforts to 
arrange the pores in the mass suitably lo the current, 
asif it were rapidly entering into the iron. To this 
end, therefore, the iron must be sufficiently soil and 
tiiese pores phant to obey the efforts of the magnetic 
matter. A difficulty will no doubt here occur to 
yon; it will be asked. How do you account for the 
change of direction of the magnetic matter on entar- 
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ing into another bar of iron ; and why is that direc- 
'tton regulated according to the length of the bus, 
as its course is represented in the figure < This is 
a verjr important article in the theory of magnetism, 
and it proves how much the figure of the pieces 
of iron contributes to the production of the magnetic 
phenomena. 

To elucidate this, it must be recollected that this 
subtile matter moves with the utmost ease ill the 
magnetic pores, where it is separated from the ether; 
and that it encounters very considerable obstacles 
when it escapes from them, with all its velocity, to 
re-enter into the ether and the air.' 

Lot us suppose that the magnetic matter, after 
having pervaded the bar CD, Fig. 131, enters into the 
iron raler E F, placed per- 
pendicularly. Itwouldcer- Fig. 131. 
tainly, on its first admis- jBt ff ..■„- - . . .^„_.. 
sion, preserve the same n^ p=j^::::a^JLL^Il:^ 
direction, in order to es- 
cape at m, unless it found 
an easier road in which to 
continue its motion; but 
meeting at m the great- 
est obstmctioo, it at first 
changes its direction, 
thou^ in a very small 
degree, towards F, where 
finding pores adapted to 
the contmuation of its motion, it will deviate more 
and more frooj its first' direction, and travel through 
the ruler E F in all its length ; and, as if the magnetic 
matter were loalh to leave the iron, it endeavours to 
continue its motion there as long as possible, avail- 
ing itself of the length of the niTer ; but if the ruler 
were tery short, it would undoubtedly escape at m. 
But the length of the ruler presenting it a space to 
nm through, it follows the direction E P, till it is 
under the necessity of escaping at F, where all the 

Vol. II.— U 




■aagnetic cmals, (bnned according to the ma* 
direction, no lon^ peimit the subtile magnetic 
matter to change its airection and return along th« 
ruler ; theM cuials being not only filled with suc- 
ceeding matter, but, from their very natm«, inc^i»> 
ble of recetTing motion in an opposite direction. 
- ■ ■ ■* ■ ', 1781. 



LETTER LSYl. 
Atmiiig of Loadttonet. 

Yoo have just seen how iron may receive Uw 
magnetic current of a loadstone, convey it to coa- 
giderable distances, and even change its direction. 
To unite a loadstone, therefore, to pieces of iron, ia 
much the same with increasing its size, as the iron 
acq^uires the same nature with respect to the mag- 
netic matter ; and it being further poSBible by such 
means to change the direction of tne magnetic cur- 
rent, as the poles are the places where this matter 
enters the loadstone and escapes, we are enabled to 
conduct the poles at pleasure. 

On this principle is founded the arming, or mount- 
ing, of losdstones — a subject well worthy of your 
attention, as loadstones are thus brought to a higher 
dMTee of strength. 

Loadstones, on being taken from the mine, are 
usually reduced to the figure of a parallelopiped, or 
rectangular parallelogram, with thickness as A A, B B, 
Fig. las, or which the sur- fig. 199 

face A A is the pole by which a_ 
"" "nagnetic matter e "" 



wholelengthABwithcanals jj^ 
mi, which the magnetic mat- 
ter, impeUed by the elastic power of the ether, fteelj 
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pemdM with the ntnioat rapidity, and without any 
mixture of that fluid. Let ua now see in what mBnner 
each a loadstone is usually armed. 

To each surface, A A _, ... 

andBB,F^. IM.thetwo '*■ *"*• 

poles of tbeloadstone, ai 
applied plates of iron a 
aai bb, terminatins below 
in the knobs A' and B' call- 
«d the feet ; this is what . 
we denominate the or- '^^ 
mourofthe loadstone, and *'? 
when this is done, the 
loadstone is said to be 
armed. In this state, the 
tnagnetic matter which would bare escaped at the 
aunace B B passes into the iron plate b b, where Uie 
dificuHy of flying off into the air, in its own direc- 
tion, obliges It to take a different one, and to flow 
along the plate b b into the foot B', and there it is 
under the necessity of escaping, as it no longer flnds 
iron to assist the continuation of its motion. The 
same IhinE takes place on the other aide ; the subtile 
natter wm be there conducted throng the foot A', 
from which it will pass into the [date a m, changing: 
its direction to enter into the loadstone, and to fly 
through its magnetic canals. For the subtile matter 
contained in the plate enters Hrst into the load- 
atone ; it is followol bv that which is the foot A', 
replaced in its turn by ttio external magnetic matter, 
which, being there impelled by the elasticity of the 
ether, penetrates the foot A' and the plate a a with a 
nipidjty whose vehemence is capable of arranging 
the jxnes, and of forming magnetic canals. 

Hence it is endent that tiie motion must be the 
tame on both sides, with this difference, that the 
magnetic matter will enter by the foot A', and es- 
cape by the foot W, bo that m these two feet w« 
DOW flad the polea of tbe aiined loadatotw ; aad aa 
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the poles formefly diffused over the surfaces A A 
and B B are now collected on the basis of the feet 
A' and B', it is naturally to be supposed thai the mag- 
netic force must be consideraDly greater in ttiese 
new poles. 

In this state, accordingJy, the vortex will be more 
easily fanned. The matter escaping from the foot 
B' wiU, with tbe utmost facility, return to the foot 



tra, unless perhaps a small quantity of magnetic 
(natter should escape from the plate b i, from its 
not being able to change the direction so suddenly; 
and unless a small quantity should find admission 
by the plate a a, which in that case might produce 
a feeble vortex, whereby the subtile matter wouM 
be immediately conducted from Ihc plate bbloaa; 
howerer, if the armour be well fitted, this second 
vortex will be ahnost imperceptible, and conse- 
quently the corrent between the feet is so much the 
stronger. 

The principal direction for arming loadstones is 
carefully to polish both surfaces ofthe loadstone 
A A and BB, as well as the plates of iron, so that cm 
^plying them to tbe loadstone, they may exactly 
toucn it in every point, the subtile matter passing 
easily from the loadstone to the iron, when unob- 
structed by any intervening matter ; but if there be 
a vacuum, or a body of air, between the loadstone 
and the plates, the magnetic matter will lose almost 
all its motion, its current will be interrupted, and 
rendered incapable of forcing its passage through 
the iron, by forming manietic canals in it. 

The softestandmoat ductile iron is to be preferred 
..for tbe construction of such armour, because its 
forea are pliant, and easily arrange themselves in 
GOufonnity to the current of the magnetic matter. 
Iron of this description, accordingly, appears MtH 
adapted to the production of a sudden change ia 
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Uto direction of the current : the magnetic matter, 
too, seemB to affect a progreaa in that direction Bi 



practicable: it prerera miking a circuit to « p 
mature departure — a thing that does not take place 
in the loanatone itself, in which Uie magnetic canals 
are already formed, nor in steel, whose pores do not 
so eastljr yield to the efforts of a magnetic current. 
Bat when these canala are once fonned In steet, 
they are not ao easily deranged, and much longer 
retain their magnetic force ; whereas soft iron, 
whatever force it may have exerted during its Junc- 
tion with a loadstone, loses it almost entirely on 
being disjoined. 

Expenence most be consulted as to the other cir, 

cnmatances of arming loadstones. Respecting the 

platea, it has been found that a thickness either too 

-""lat or loo small ia injurious; but for the moat part, 

best adapted plates are very thin, which would 



gret 
the 



conseqnently the thinnest plate is sufflcient to re- 
ceive a very great quantity of it.. 
ntk Nonmber, 1761. 
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LETTER LXVn. 
AetiOH and Force of armed Loadttontt. 

At the feet of iU aimour, then, a loadstone exerts 
its greatest force, because there its poles are col- 
lected; and each footiscapableorsupportineawei^t 
of iron, gi'^ater or less in proportion to the exMl- 
lence of the loadstone. 

Thus a loadstone A A, B B, 
Fig. I34,annedwithp]atesof , 
iron a a and i b, terminating in 
the feet A' and B', will support 
by the foot A' not only the 
iron ruler C D, but this last "|l^ 
willsui^rtanotherof small- 
er size E F, this again another 
still smaller G H, which will 
in its turn support a needle 
I K, which, finally, will at- 
tract filings of iron L; be- 
cause the magneti; matter 
runs throiigh all these pieces 
to enter at the pole A' ; or if it 
were the other pole by which ' 
the magnetic matter issues . 
from the loadstone, it would 
in like manner run through 
the pieces CD.EF.GH, IK. 
Now, as often as the matter 
is transmitted from one piece ^ 
to another, an attraction be- 
tween the two pieces is ob- 
serrable ; or rather they are impelled towards e 
other by the surrounding ether, oecause the cnrreitf 
of the magnetic matter between them dindnishea tta 
{>re8sure of (hat fluid. 
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When one of the poles of the loadstone is thos 
loaded, ita rortex nbdergoes a very remarkable 
change of direction ; for aa, without llus weight, the 
magnetic matter which iftsuea from the pole B', di- 
recung around ita course, would flow towards the 
■otber pole A' i and as now the entrance into this 
pole is sufficiently supplied by the pieces which it 
aimporta, the matter issuing Irom the pole B' must 
take quite a different road, which will at length con- 
dncl it to the last piece IK. A portion of it will un- 
-doubtedly be Ukewise conveyed towards the last but 
one G H, and towards those which precede it ; as 
"those which follow, being smaller, do not supply in 
sufficient abundance those which go before : but the 
vortex will alwHysbe extended to the last piece. By 
Ihese means, if the pieces are well proportioned to 
«ach other in length and thickness, the loadstone is 
■capable of supporting much more than if it were 
loaded with a smgle piece, in which the figure like- 
wiae enters principally into consideration. But in 
■order to make it sustain the greatest possible weight, 
"we must contrive to unite the force of boUi poles. 

For this purpose, there is appUed to the two poles 
A and B, Fi^. 127, a f^. 137. 

piece of soft iron C D, 
touching the base of the 
feet in all points, and 
"whose figure is such, 
' that the magnetic mat- 
ter which issues from 
B shall find it in the 
most commodious pae- 
•sge to re-enter at the 
other extremity A. 



the loadstone; and „ 
tin nu^netic matter en- 
)mn iBto it oa isauing 
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from the loadstone at B, and enters into tiie other 
pole A, on issuing from the supporter, the iron will 
be attracted at both poles at once, and cmisequently 
adhere to them with great force. Inorder toknow 
how much power the loadstone exerts, there is affixed 
to the supporter, at the middle E, a weight P, which 
is increased till the loadstone is no longer capable of 
sustaining it ; and then that weight is said to conn- 
terbalance the magnetic power of the loadstone : this 
is what you are to understand when told that «ttch 
a loadstone carries ten pounds weight, such another 
thirty, and so on. Mahomet^s coffin, they pretend^ 
is supported by the force of a loadstone — a thing by^ 
no means impossible, as artificial magnets nave 
already been constructed which carry more than 10(^ 
pounds weight. 

A loadstone armed with its supporter loses nothings 
of the ma^etic matter, which performs its complete 
vortex within the loadstone and the iron, so that 
none of it escapes into the air. Since then mag- 
netism exerts its power only in so far as the matter 
escapes from one body to enter into another, a load- 
stone whose vortex is shut up should nowhere exert 
the magnetic power; nevertheless, when it is touched 
on the plate at a with the point of a needle, a very 
powerful attraction is perceptible, because the mag- 
netic matter, being obliged suddenly to change it» 
direction, in order to enter into the canals of the 
loadstone, finds a more commodious passage by 
running through the needle, which will consequently 
be attracted to the plate a a. But by tbaX rery thinig- 
the vortex will be'' deranged inwardly ; it vnll not 
flow so copiously into the feet ; and if you were to 
apply several needles to the plate, or iron rulers stiU 
more powerful, the current towards the feet would 
be entirely diverted, and the force which attracts Uie 
supporter would altogether disappear, so that it 
would drop off without effort. Hence it is evideni 
that the feet lose their magnetic power in proportioa 



V 
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IS the loadBtone exercises its Torce in other places ; 
and thus we are enabled to accoimt for a vanety of 
very aurprisiiig phenomena, which without the the- 
ory, would be absolutely inexplicable. 

This istheproper place for introducing the experi- 
ment which demonBtrates, that after having apphed 
ita supporter to an armed loadstone, you may go on 
from oay to day increasiOK the weight which it is 
able to sustain, till it at length shall exceed the 
doid)le of what it carried at first. It is necessary to 
show, therefore, how the ma^etic force may in 
time be increased in the feet of the armour. The 
esse above deecribed, of the derangement of the 
vortex, assures us, that at the moment when the 
nipporter is applied, the current of the magnetic 
matter is still abundantly irregular, that a consider- 
ible part of it is still escaping by the plate b b, and 
that it will require time to form magnetic canals in 
the iroa : it is likewise probable that, when the cur- 



vent atuil] have become more free, new canals 






be formed in the loadstone itself, considering that it 
contains, besides these fixed canals, nioveab& poles, 
a> iKm does. But on violently separatinS the sup- 
porter from the loadstone, the current being dis- 
tnriied, and these new canals in a ereat measure 
destrored, the force is suddenly rendered as small 
as at ^e beginning ; and some time must intervene 
before these cands, with the vortex, can recover 
their preceding state. 1 once constructed an arti- 
ficial magnet, which at first could support only ten 



pounds weight; and after some time 1 was t 

frised to find that it could support more than thirty, 
t is remarked, chiefly in artificial magnets, that time 
alone strengthens them considerably; but that this 
increase of force lasts only till the nqiporter ia sepa- 
nted from it. 
aUt Novtmier, 1781. 
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LETTER LXVIII. 

Tie Method of commmueatin^ lo Steel lie Magrtelie 

Forer,and of magtutizingNeedlei for ihe Compatt: 
the Simple Touch, it* DefecU ; Meani of irmedying 



HATina explained the nature of magnets in general, 
an article as curious as interesting atitl remaina; 
namely, the manner of communicating to iron, bat 
especially to steel, the magnetic power, and eTen 
the hijfhest degree possible of that power. 

You have seen thnt, by placing iron in the yortex 
oT a loadstone, it acquires a magnetic force, bat which 
almost totally disappears as soon as it is renoved 
out of the vortex ; and that the vortex of the earth 
alone is capable, in time, of impressii^ a alight mag- 
netic power upon iron : now, steel being harder than 
iron, and almost entirely insensible to this action of 
the magnetic vortei, more powerful operations must 
be enrinoyed to magnetize it ; but theu it retains th» 



ing, and even to friction. I begin, therefore, with 
ejqriaining the method formerly employed for ma^ 
netizing the needles of compasses ; the whole opera- 
tion consisted in rubbing them at the pole vrith a 
good loadstone, whether naked or armed. 

The needle a 6 c, Fig. 136, j>> im 

was laid on- a table; the pole .-p *' 

Bof the loadstone waadrawQ . U^ 
over it, from h towards a, and, ^ c 

being arrived at the extremity 
0, the loadstone was raised aloft, and brought back 
through the air to i ; this operation was repeated 
sever^ times together, [wrticular care being taken 
that the other pole of the loadstone should not cova 
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neav the iwedle, u thie vonld have duturbcd the 
whole pnraeu. Having several timea drawn the 
pole B of tbe loadatone over tba needle, from Mo a, 
the neadle had become magnetic, and the estreml^ 
b of the iarae name with that of the loadstone wiOi 
which it had been ruUwd. In order to render the 
extremity i the north pole, it would have been 
necesaary to rub with the pole of this name ki 
the loadatone, proceeding from b too; but in n^ 
biog vrith the south pole, the progreaa mist be from 

This method of rubbiag, or touehing, is dcnomi- 
nated tb« ttmple touch, because the operation is per- 
formed by touching with one pole only ; but it is 
extremely defective, and communicates butveryUtUe 
power to the needle, let the loadatone be ever so 
excellent ; accordingly, it does not succeed when the 
steel is carried to the highest degree of hardness, 
though thisbe the state best adapted to the retention 
of magnetism. You will yourself readily dtscem the 
defects of this method by the simple tench. 

Let us suppose that B is the polo of the loadstone 
from which the magnetic matter issues, as the effect 
of the two poles is so similar that it is impossible to 
perceive the slightest ditTerence ; having rested the 
pole on the extremity h of the needle, trie magnetic 
matter enters into it with all tlie rapidity with which 
it moves in the loadstone, incomparably greater than 
that gf the vortex which is in the external air. But 
what wiU become of this matter in the needle 1 It 
cannot get out at the extremity b, it will therefore 
make an effort to force its way through the needle 
towards a, and the pole B, moving in the aarae direc- 
tion, will assist this eSbrt ; but as soon as the ptrie 
B shall arrive at a, the difficulty of escaping at the 
extremity a will occasion a contrary effort, 1^ whi;^ 
the magnetic matter will be impelled from a towards 
b; and before tbe first effect is entirely destroyed 
tbu last cannot take place. Afterward, when th* 
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Ele B is BgBin brought back to the extremity b, tUs 
It effect ia again destroyed, but without prodranng, 
however, a current in the contrary directKm from i 
towards a ; and cODseqaently, when the pole B shall 
have got beyond c in its progress towards a, it wiU 
more easily produce a current from a to i, especially 
if you press more hard on the half c a : hence it is 
clear, that the needle can have acquired only a small 
degree of the magnetic power. 

Some, accordingly, rut) only the half c a IFig. 136, 
p. S38), proceeding from e to a, and others touch 
only the extremity a of the needle with the pole B 
of the loadstone, and with nearly the same success. 
But it is evident that the magnetic matter which 
entere by the extremity a only is incapable of acting 
with sufficient vigour on the pores of the needle, for 
arranging them conformably to the taws of mag- 
netism ; and that the foroe impressed by Q$e method 
moat be extremely small, if any thing, when the steel 
w very much hardened. 

It appears to me, then, that these defects of tJW 
tmpU touch might be remedied in the following 
manner ; of the success of which I entertain no 
doubt, though 1 have not yet tried it; but am con- 
firmed in my opinion by experiments which 1 have 

I would case the extremity b of the needle, jpig. 
136, in a ruler of soft iron E F; p^ .^ 

,«nd I should think it proper to *' 

make that niler very thin, and as J-r J Ub c 
straight as possible ; but the ex- ^-^ '" 

tremihr must be exactly applied in all points, and 
even fitted to a groove perfectly adjusteJ for its re- 
ception. On resting tlie pole B of the loadstone npon 
the extremity i of the needle, the magnetic matter 
which enters Into it, meeting scarcely any difllcnlty 
in its prepress through the iron ruler, wiU at onc« 
puraae its course in the direction bd; and in pro- 
portion as the pole advances towards a, the mag- 
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netic matter, in order to coiitiiim this coone, hts 
only to artaitge the pores on which it immediately 
acts ; and haviog reached a, all these pores, or at 
least by far the greater number of them, will be 
already disposed conformably to that directioo- 
When you afterward recommence the flriction at 



following the same direction b d, by likewise arran- 
ging the pores which resisted the first operation ; and 
thus the magnetic canals In the needle will always 
become more perfect. A few strokes of tbe pole B 
will be sufficient for the purpose, provided the load- 
stone is not too weak ; and I have no doubt that tbe 
best tempered steel, that is, rendered as hard as poa- 
siUe, would yield to this method of operating; an 
unspeakable advantage in the construction of com- 
passes, as it has been fomid that ordinary needles 
frequently lose, by a slight accident, all their mag- 
netic power; by which shipa at sea would be ex- 
posed to the greatest dangers, if they had not others 
in reserve. But when needles are made of well 
tempered steel, accidents of this kind are not so 
much to be apprehended ; for if a greater force is 
requisite to render them magnetic, m return they 
preserve the power more tenaciously. 
S4lh November, nttl. 



LETTER LXIX. 



IiisTEtD of this method of magnetizing iron or 
steel by Ihe timpte Itmch, t>y rubbing with one pole 
only of the loadstone, we now employ Ihe dauUt 
touch, in which we nib witli both poles at once. 

Vol. I1.~X 
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<ed It 



whieb ia eaailj done by means of an anned \oaA- 
Btone. 

Let E F, Fig' 130, be a n. .«« 

bar of iron or ateel, which 
yon wiah to render 
netic. Having; fixed 
•teadity on a table, you is 
press-npon it tbe two feet f 
AandBof an aimed load- 
atone. In thia state, you will easily see that the 
magnetic matter which issues from the loadstone by 
the foot B must penetrate iato the bar, and would 
difliise itself in all directions, did not the foot A, on 
ita mde, attract the magnetic matter contained in tbe 
porea of the bar. This evacuation therefore at 4 
will determine the matter which enteis by the pole 
B to take its course from c towards d, provided th« 
poles A and B are not too remote from eaph other. 
Then the magnetic current will force its vray in th» 
bar, in order to pass from the pole B to the pole A, 
disposing its pores to form miotic canals ; and' It 
isveiyeasyto discover whether this is taking placs; 
yoabiave only to observe if the loadstone is power- 
fully attracted to the bar, which never fails if the 
bai ia of son iron, as the magnetic matter easily 
penetrates it. But if the bar is of steel, the attraction 
la frequently very small — a proof that the magnetic 
matter is incapable of openmg for itself a passaee 
fromcto^i hence it is to be concluded that tbe 
loadstone is too feeble, or that the Pig. ifiO. 

distance between its two poles is 

too'gnat: in this case it would be 
necessary (o employ a loadstone 
more powerful, or whose feet are 
nearer ; or finally, the armour of 
the loadstone ought to be chaiu^ed 
into the form reoresented in Fig. 
1S8. 
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3ut the rollowing is a method of remedTing'tluB 
tnconvenience. 

Having fixed the lar bs iacd. Fig. 130 (p. SiS), 
the loadHtone must be several times drawn back- 
ward and forward over it, from one extremity to the 
other, without taking it off till you perceive that 
the attraction no longer increases ; for it is undoubt- 
edly certain that attraction is increased in ^opor- 
tion to the increase of the roa^etic force. The bar 
E F will be magnetized by this operation in such a 
manner that the extremity E, towards which the 
pole A was turned, will l>e the friendly pole of A, 
and consequently of the same name with the other 
pole B. Again, on removing the loadstone, as mag- 
netic canals are formed the whole length of the bu, 
the magnetic matter diffused throDgh the air wilt 
(brce a passage through these canals, and will make 



part, nt least, will return to a, and will form a vor- 
tex such as the nature of the bar permits. 

! take this occasion to remark, that the formation 
of a vortex is absolutely necessary to the increase 
of magnetiarn : for if all the magnetic matter which 
goes out at the extremity b were to fly off, and be 
entirely dispersed, without returning to a, the air 
would not supply a suMcient quantity to the other 
extremity a, which must occasion a diminution of 
the magnetic force. But if a considerable part of 
that which escapes at the extremity b returns to a, 
the air is abundantly able to supply the remainder, 
and perhaps still more, if the m^netic canals of the 
bar are capable of receiving it ; the bar will there- 
fore in that case acquire a much greater magnetic 

Thia consideration leads me to explain how it ia 
possible to keep up the magnetic matter in magnet- 
ized bars. The ottject being to prevent the munetio 
patter whi«b pervades them irom diaperaing at the 





air, these ban are always disposed in potr* of ex- 
actly the same size. They are placed on a table, in 
a parallel siluation, so that the friendly poles, or 
those of different names, should be turned to the 
same side ss in jy. 131, jjv^ ,,, 

where MM and NN rep. w^-*-- 

resent the two bars, 
whose friendly poles a, 
t, b, 0, are turned the 
same way. To prevent 
mistake, a marc x is 
made on each bar, at the 
extrenuty where the 
north pole is, and to 
both ends is ^>plied a 
piece of soft iron E E 
and F F, for receiving the magnetic current. Id 
this manner, the whole magnetic matter which per- 
vades the bar M M, and which issues at the extremity 
A, passes into the piece of iron E E, where it easily 
makes iis way, to enter at the extremity a of wa 
other bar N N, from which it will escspe at the ex- 
tremity b, into the other piece of iron F F, which 
recoQveys it into the Jirst bar M M by the extremity 
a. Thus the magnetic matter will continue to 
circulate, and no part of it escape ; and even in 
case there should not be at first a sufficient quantity 
to supply the vortex, the air will supply the deficiency, 
and the vortex will preserve all its force in the two 

This disposition of the two ban may likewise be 
employed for magnetizing both of them at once. 
The two poles of a loadstone must be drawn over 
the two tnrs, passing from the one to the other by 
the pieces of iron ; and the circuit must be several 
times performed, carefully observing that the two 

Sles of the loadstone A and B be turned as the 
are directs. 
This method of magnetizing two bars at odw 
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miut be much more efficaciona than the precediiur, 
as from the very firat circuit performed by the load- 
Btone, the magnetic matter will begin to How 
through the two bais by iseasB of the two pieces of 
iron. Anerward, by repeated circuitous applications 
of the loadstone to the bars, a greater quantity of 
pores will be arranged in ihem conformably to luag- 
netiem, and more maznetic canals will be opened, bjr 
' whichthevortexwiUoemoreandmorestrensthenea, 
without undei^ing any diminution. If the bars are 
thick, it would be proper to turn and mb them in the 
eame manner on the other surfaces, in order that the 
magnetic action may penetrate them thoroughly. 

Having obtained these magnetic bars M M, N N, 
Fig. 132, they may be em- — 

played in place of the natu- 
ral loadstone, for magnet' 
iiing others. They are 
joined together at the top, 
so that thelwo friendly poles 
a b mw touch each other; 
and the other two poles 
below, b and a, are sepa- 
rated as far as it is thought ' 
proper. Then we rub with the two under eztremr- 
tiea, which supply the place of the two poles of a 
loadstone, two other bars E F, in the manner which 
I have above explained. 

As these two oars are joined in the form of com- 
passes, we have the advantage of opening the lower 
extremities as much or as little as we please, which 
cannot be done with a loadstone ; and the magnetic 
current will easily pass at top, where the bars touch 
each other, from the one to the other. A small 
piece of soft iron P might likewiae be applied there, 
the better to keep up the current ; and m thia man- 
ner yon may easily and speedily magnetize u many 
double bars as you please. 

aatkffmtmier, 1761. 





NAONETIO FORCE COMHUKICATEP 



LETTER LXX. 

I%« Xttke4 of eormmaieatiag to Bar* of Steel « 
very grtat magnetic Force, by meaiu of other Bart 
nhteShaee it ma very inf trior degree. 

TaotrsH this method of aiagneliziiig by the double 
leach be preferable to the preceding, the ma^etic . 
power, however, cannot be carried beyond acertain 
degree. Whether we emplov m natural loadstone 
or two magnetic bats for rubDiae; other bars, these 
last will never acquire so much force aa the first ; it 
being impossible that the eRect should be greater 
than the cause. 

If the bars with which we nib have little force, 
those which are rubbed vrill have still less : the rea- 
son is evident; for as bars destitute of magnetic 
force never could produce it in others, so a moderate 
degree of force is incapable of producing one 

rvater than itself, at least by the method which 
have been describing. 

But this rule is not to be taken in the strict inter- 
pretation of the words, as if it were literally impos- 
sible to produce a ereater magnetic force by the 
assistance of a smaUer. I am going to point out a 
method by which the magnetic power may be in- 
crease almost as far as you please, beginning wjUi 
the 'tallest degree possible. This is a late discov- 
ery, which ments so much the more attention that 
it throws much light on a very difficult subject — 
the nature of magnetism. 

Supposing that I am possessed of a very feeble 
loadstone, or, for want of a natural magnet, of bars 
of iron rendered somewhat magnetic merely by the 
vortex of the earth, as I enilained il in a preceding 
Letter, I then provide myaelt with eight bars of steel. 
Very small, and not hardened, in order the mon 
easily to receive the small degree of magnetic power 
whicn the leeble loadrtone, -or sUfhtly magnetized 
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ban, are capable of conununicating, by rubbing each 

Kr or couple in the manner I formerly described. 
Tine then eight bars magnetic, but in a very 
small degfee, I take two pair, which I join together 
in the.manner represented in Fig. 133. 

By uniting the two bare by the ji^, iaa_ 
poles of the same name, I form but "'p 

one of double the thickness, and 
with which I form the compass A C 
and BD ; the better to keep up the 
magnetic cnrrentt a piece of soft 
iron P may be applied at the top C D. 
The legs of the compass may be 
separated as far as is judged proper, 
and I rub with them, one after the ' 
other, the remaining bara, which will 
thereby acquire more pdwer than they had befOM, 
because the powers of the first are now miited. 1 
have now only to join these two pair newly rubbed 
in the same manner, and by rubbing with them, qoe 
after the other, the two pair first employed, and the 
power of these will be considerably increased. I 
afterward join these two pair together, and go ob 
rubbing oChere, in order to augment their magnetic 
force, and still two pair with two pair alternately; and 
by repeating this operation, the magnetic power may 
be carried to such a degree as to become insuscep- 
tible of further increase, eren by continuing th§ ope- 
ration. When we have more uan four pair of such 
bars, insteadoftwo pair, three may be joined together 
for the purpose of rubbioK others ; they will thereby 
be sooner carried to the highest degree possible. 

The greatest obstacles are therefore surmounted ; 
and by means of such bars, joined together by two 
or mor« pairs, we may rub others of stee! properly 
hardened, and which may be either of the same size, 
<n still greater than the first, to which the greatest 
power of which they are susceptible maybe thus 
«ommanicated. 

Beginning with small ban such as I ha*e d« 
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scribed, these opemtions may tie suceessiTelvappUed 
to bars of an eiiormoua Hize, and made of nie faaid- 
eat steel, which is less liaUe to lose the msfnetic 
power. Onljr it is to be observed, that for the pur- 
pose of rubbing large bars, several pairs ought to be 
JoiBed together, whose united weight should be it 
least double that of the large one. But it would 
always be better to proceed by degrees, and to nib 
each species of bars vith bars not much amaller 
thaa themselves, or it may be sufficient to join il 
niost two pair : for when we are obliged to join more 
than two pair, the extremrties with which the fric- 
tion is perfonned will extend too far, and the mag- 
netic matter which passes that way will itself prevent 
its being directed conforniably to the 'direction of 
the bar that is rubbed ; and the rather that it enters 
the bar perpendicularly, whereas it necessarily 
should take a horizontal direction. 

In order to facilitate this change of direction, it is 
proper that the mscnetic matter shoold be led to it 
in a siB!^ space, and in a direction already approacli- 
ing to that which it ought to take within the b«r 
which we are piing to rub. The following method, 
I think, might be effectual for this purpose. 



Fig. 134 represents 
five pair of bars M M, 
N N, joined together, 
but not in the form of a 
compesa. There is at 
top a bar of soft iron 
C D, to keep np the vor- 
tex ; below, i io nOl 
rub Ipunediately with 
the extremities of the 
ban, but I case these. 
extremities on each 
side in a foot of soft 



0. Each foot is bsnt 



Fig. 134. 
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«t A aDd B, M that the direction of the magnetic 
matter, which freely peiradeB these feet, aJreaor h«a 
a considerable approximation to the horizontal; so 
that in the bar to be rubbed E F it has no need 
greatly to change ita direction. 1 have no doubt, 
Qiat W meana of these feet the bar E F will receive 
a much greater magnetic power than if we nibbed 
immediately bj the extremities of the baia, the depth 
of whoM vertical direction naturally opposes the 
foimatioa of horizontal roagnetic canals in Ae bar 
E P. It ia likewise possible, in practising this 
method, to contract or extend the instance of the 
tut A and B at pleasure. 

I mnst fbrther obserre, that when these ban lose 
in tune their magnetic power, it is easily restored 
t? the same operation. 

■ " ■ r, 1761. 



WnorncK wishes to make experiments on the 
properties of the loadstone ought to be provided 
wiib a great number of mastic bars, ftom a verj 
small up to a vei^ large size. Each may be cod> 
sidered as a particular magnet, having its two poles, 
the one north and the other south. 

You must kav&considered it as extremely remark- 
able, that by the interposition of the magnetic power, 
the feeblest which can be supplied by a wretched 
natural loadstone, or by a pair of tongs in the chim- 
ney comer, which hare acquired by length of time a 
■man portion of magnetism, we should be enabled to 
increase that power to such a degree as to commU' 
nicate to the largest bars of steel the highest degree 
of magnetic force of which they are suKeptible, It 
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would be needless to add, that by this method w« 
xre enabled to construct the best magnetic needles, 
not only much larger than the common, bnt made 
of a steel hardened to the highest degree, which 
renders them more durable. 1 have only a few words 
tc add on the construction of artificial magnets, 
which have usually the form of a hone-shoe, as jou 
must no doiibt have seen. 

These artificial magnets answer the same puiposes 
nn every occasion as the natural ones, with thw ad- 
vantage in their favour, that we can have them much 
more powerfulibygiving them a sufficient magnitude. 
They are made of well tempered steel, and the llguro 
of a horse-shoe seems the most proper for lieeping 
up the vortex. When the mecnamc has finished 
his work, we communicate to it the greatest degree 
of magnetic powerof which it is susceptible, by means 
of the magnetic bars, of which 1 have given a de- 
scription. It is evident, that the greater this magnet 
is, the larger must be the bars we emplov: and this 
ia the reason why wo should be provided with tnn 
of all sizes. 

In order to magnetize a horse-shoe HIG, Fig. 139^ 
whichoDghttobeof steelwell tern- pjg j^j 



figure rppresents only one E F, the 
other having been removed to make 
way gTBduallv for the application of 
the feet of the horse-siioe, as you 
see. Jo this state, (he magnetic 
matter which pervades the bars will 
make strong efforts to pass through 
the horse-shoe, the poles of the bars 
beiqg adapted magnetically to those 
fit the horse-shoe ; but considering 
Sub hardness of tempered steel, it will not be 
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[d(7ed to this effect which were prescribed for the 
magnetizing of bare. We take a compus formed 
of another paii of magnetic bars, and nib Ihem ia 
the same manner over the horae-ihoe; magnetic 
canals will thereby be opened, and Uie subtile mat- 
ter of the ban, by pervading it, will form the vortex 
of that fluid. Particular care muat be taken, in this 
operation, that the legs of the compass, in passing 
over the horse-shoe, do not touch the extremities 
A and B of the bars ; for this would disturb the cur- 
rent of the magnetic matter, which would pass im- 
mediately from the bars into the lees of the compass; 
or the vortices of the bars and of tne compass woold 
mutuallv derange each other. 
Th* horse-shoe frill therebj^ acquire very great 



the bars without deranging the current. If they 
are separated violently, the magnetic vortex will !» 
destroyed, and the aruficial magnet will retain very 
little power. 

The canals being kept up no longer than the mag- 
netic matter pervades them, it must be concluded 
that the particles which form these canals are in a 
forced state, and that this state subsists only while 
the vortex acts ; and that as soon as it ceases, these 
particles, by their elasticity, will deviate from their 
forced situation, and the magnetic canals win be 
iutemipted and destroyed, "niia we clearhr see in 
the esse of soft iron, whose pores are quickly ar- 
ranged on the approach a( a magnetic vortex, but 
retain scarcely any magnetic power when removed 
out of the vorlex. This proves that the pores of 
iron are moveable, but endowed with an elasticity 
whichchanges their si tuation"a» soon as force ceases. 
It retjuires length of time to fix certain pores in the 
position impressed on them by the magnetic forM* 
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which takes place chiefly in bars of iron iom expoaed 
to the vortex of the earth. The pores or 8t«til are 
much leu flexible, and better support the state into 
which they have been forced : they are however liaHc 
to some derangement, as sood as forcft ceoMS to act 
on them; but this derangement is less in propor- 
tion to the hardness of the steeL For this reason 
srtificial magnets ought to be made of the hardest 
steel : were they to be made of iron, they would 
immediately acquire, on being applied to raagneiie 
bars, a very great degree of power ; but the moment 

SIM detach them, all that power would disappear. 
reat (irecaution must therefore be employed in 
separating from the bars magnets composed of well 
tempered steel. For this purpose, before the sepa- 
lation, you press the supporter, which is of very soft 
iron, in the toection or the line M N, Fig. 138, tak- 
ing particular care not to touch the jw. i3g, 
bars with it, for this would mar the j. 

whole process, and oblige you to re- a^i^tt 
peat the operation. On the applica- ']) [F 
tion of the supporter, a considerable >»\^ ^j-^' 
portion of the magnetic matter which ^^""^^ti^ 
iscirculalingintheraagnet GHIwiD' |p 

make its way through the supporter, 
and form aseparate vortex, which will continae after 
the magnet is detached from the bars. 

Afterward, you press the supporter slowly forward 
over the legs of the magnet to the extremities, as 
represented in the figure, and in this slate permit it 
to rQBt for some time, that the vortex may be allowed 
to settle. The supporter is likewise furnished with 
a weight- P,'Which maybe increased every day; it 
being always understood that the supporter is to b« 
so perfectly adjusted to the feet of the magnet as to 
touch them in all points." 

6(A Ihc^mber, 1761. 

* n* liwi tt raHMHm ban bem ibj; IdtsiUiu^ iviinr ibe Imi 
tM iMn, tad BWirlUitiljr laMnUni Ikeu bn* bM (Mrt M ev f!Z 
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OntX^etria; IiutruB\enU vihkh that Science tuppliet.' 
of TeUieoptt and Microscopes. DifftraU Figures 
given to Glasses or Lenses. 

Th« wonders of dioptrics wiH now, I think, fiir- 
nishasubject worthy of yoiirattention. This science 
provides us with two kinds of instruments composed 



There are two caaes in which the eye needs assist- 

TiOM kHwlete or tkn J^mnnml oT iilrrrta. h Im »« esneli. 
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•nee: tlie finit )i, when objects are too jiatsnt ttr 
admit of our seeing them distinctly; such are the 
heavenlybodies,rBspectingwhich the most ill] port«Dt 
discoveries have been maoe by means of dioptricsl 
instranienta. You will please to recollect what I 
have said concerning the satellites of Jupiter, whiclt 
assist us in the diacoveij of the longitude ; they aie 
visible only with the aid of good telescopes ; and 
those of Saturn require telescopes of a still t>etter 
construction. 

There are, besides, on the surface of the earth 
objects very distant, which it is impossible for us lo 
see, and to examine in detail, without the assistance 
of telescopes, which represent them to us in the 
same manner as if they were near. These dioptri- 
cal glasses or instruments for viewing distant bodies 
are denominated idtseofta. 

The other case in which the eye needs assistance 
is when the object, though sufficiently near, is too 
small to admit of a distinct examination of its parts, 
if we wished, for example, to discoter gll the parta 
of the leg of a fly, or of any insect still 8maller,-^f 
WO were disposed to examine the minuter particles 
of the human body, such as the smallest fibres of the 
muscles, or of the nerves, it would be impossible to 
succeed witliout the help of certain instraments 
called micToacopes, which represent small objects in 
the same manner as if they were a hundred or a 
thousand times greater. 

Here, then, are two kinds of instruments, teU- 
scoj>es and microicopei, furnished by dioptrics for 
assisting the weakness of our sight. A few ages 
only have elapsed since these instruments were in- 
vented ; and from the era of that invention must be 
dated the most important discoveries in HStroDomy 
by means of the telescope, and in physics by the 
microscope. 

These wonderful effects are produced merely W 
the &gure given to bits of glass, and the happy com- 
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Unstion of two or more glasses, which we denorai- 
nate Imttt. Dioplrics is tb* science that unfolds 
the principles on which such inBtrumentB are con- 
structed, and the uses to which the^ are applied ; 
and you will please to recollect that it turns cnielfy 
on the direction which rays of light take on passing 
through transparent media of a dtfTerent quahty; OD 
paaalng, for example, from air into giaes or water, 
and reciprocally, from glass or water into air. 

As long as tne rays are propagated througtk the 

same medium, as for example air, t' "— 

same direction, in* the straight 

lines L A, L B, L C, L D, Pig. 138, 

drawn &om the luminous point L, 

whence these rays issue ; and 

when they anjrwhere meet an 

eye they enter into it, and there 

paint an image of ihe object from 

vhich they proceeded. In this 

case the vision is denominated 

mmcrie, or natural ; and represents to us the objects 

as iney really are. The science which explains w 

ns the principles of this vision is termed opiict. 

But when the rays, before they enter into the eye, 
are reflected on a finely poUshed surface, such as a 
mirror, the vision is no longer natural ; as in this 
case we see the objects differently, and in a difllerent 
place, from what they really are. The science which 
explains the phenomena presented to us by this 
Tision from reflected rays is termed catoptrics. It, 
too, supplies us with instruments calculated to extend 
the spnere of our vision ; and you are acquainted 
with such sorts of instruments, which, by means of 
one or two mirrors, render us the same services as 
diose constructed with lenses. These are what we 
i»operly denominate teUicope$ ,- but in order to dis- 
NBgoish them from the common perspectives, which 
are composed only of glasses, it would be better to 
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call then catoptric or reflecting telescopea. TU* 
mode of expression would at least be more accurate ; 
for tlie word telescope was in use before the to- 
GOvery of reBecting instruments, and then meant 
Uie pame thing with perspective. 

T propose at present to confine myBclf entirely to 
dioptrical instruments, of which we have two sorts, 
telescopes and microscopes. In the construction 
of both we employ glasses formed after different 
manners, the various sorts of which I am going to 
explain. They are principally three, according to 
the figure given to the surface of the alaaa. 

The first is the plant, when the surface of a glass 
is plane on both sides, as that of a common mirror 
If you were to take, for example, a piece of looking- 
glass, and to separate from it the quicksilver which 
adheres to its farther surface, you would have a glass 
both of'whose surfaces are jUaae, and of the same 
thickness throughout. 

The second is the caiweif a glass of this deoomi- 
nation is more raised in the middle than towards th» 
•dge. 

The third is the eoncaets such a glass is botkiw 
towards the middle, and rises towariu the edge. 

Of these three different figures which may be givw 
to the surface of a glass, are produo»d the six qtedes 
of glasses represented in Fig, 133, 

Fig. 133. 



i=^ 



r. The pidnc glass has both its tnufaces plane. 
IL The pliaio-cmtBt* gkss has one raruce iilai 
Md Ibp otber oonrei:. 
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m. The ptarto^ameoM has one sorface plane and 
the other concave. 

IV. The eonoeao-coimex, or double cornea, has botll 
aarfaces convex. 

V. The coneexo-eoncave, or m«nunu, hu one sur- 
face convex and the other concave. 

VI. Finallr, the eoncaoo-eorKove, or doiMe coofoot, 
baa both auriacea concave. 

It is i>roper to remark, that the figure repretents 
Uie section of these gtasaea or lenses. 
9A December, ITU- 
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DutribuHon of Lentet intcf Uiree Ciatut, 

PsoM what 1 have said respecting the convex and 
concave surfaces of lenses, tou will easily compre- 
hend that their form may be varied vrithout end, 
according^ the convexity and concavity are greater 
oriels. There is only one species of plane surfaces, 
because a surface can be plane in one manner only; 
but a convex surface may be considered as making 
nart of a sphere, and according as the radius or 
diameter of that sphere is greater or less, the con- 
vexity will differ ; and as we represent lenses on 
pi^r by segments of a circle, according as these 
circles are greater or less, the form of lenses must 
be infinite, with respect both to the convexity and 
concavity of their surfaces. 

As to the manner of forming and pplishing glasses, 
all possible care is taken to render their figure ex- 
actly circular or spherical ; for this purpose we ent- 
ploy Iwsins of metal formed by the tunung machine, 
on a spherical surface, both inwardly and ontwaidly. 
Y8 
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Let A E B D F C, /l^^. 137, be tbo 
formof8uchaba»in,which8hallhave Fig. ISJ- 
two surfaces, A E B and C F D, each >■ » 

of which may have its separate ra- <S5s*s;::^ 
diuB ; when a piece of glass is nibbed ' 

on the concave side of the basin A B B, it will becomo 
conmi butif it is nibbed on the convex side CFD, 
it wiUbecome concave. Sand, or coarse emery, is 
at tnt used in nibbing the ^obs on the basin, till it 
has acquired the proper form ; and alter that a fin* 
species of emery, or pumice-atone^ to give it the last 

la order to know the real figure'of the surfaces 
of a lens, you have only to measure the radius of the 
sorface of the basin on which that lens was formed; 
for the true measure of the coave Jity and concavity 
of surfaces, Is the radius of the circle or sphere 
which cotrespDnds to them, and of which they maks 
a^rt. 

Thus, when it is said that the radius of the om* 
rex surface A E B, Fig. 13S, is three inches, the 
Fig. 138. 



ig is, that A E B is an arch of a circle described 
with a mdius of three inches, the other surface A B 
being plane. 

That I may convey a still clearer idea of the dif- 

ference of convexities, when their radii are (rreater 

or less, I shall here present you with several figures 

of different convexity, Fig. 139. 

Fig. 139. 
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IVom this you see, that the snialleT the roditu is 
the rreater ib the curve ot the surface, or the greater 
its mfference from the pjane ; on (he contrary, th« 
greater the radius is, the more Uie surface approaches 
to a plane, or the arch of the circle to a straight 
line. If the radius were made still greater, the curve 
would at length become hardly perceptible. You 
scarcely perceive it in the arch MN, Fig. 138, the 
radius of which is six inches, or half a Coot ; and if 
the radius were still extended to ten or a hnndred ' 
times the magnitude, the curve would become alto- 
gether imperceptible to the eye. 

But this is by no means the case as to dioptrics ; 
and I shall afterward demonstrate, that though the 
radius were a hundred or a thousand feet, uid the 
curve of the lens absolutely imperceptible, the effect 
would nevertheless be abundantly apparent. "Hie 
radius must indeed be inconceivany great to pro- 
duce a surface perfectly plane: from which you may 
conclude, that a plane surface mi^ht be considered 
as a convex surface whose radius is infinitelvBreat, 
or as a concave of a radius infinitely great, mre it 
is that convexity and concavity are confounded, so 
that the plane surface is the medium which separate! 
convexity from concavity. But the smaller the 
radii are, the greater and more perceptible do the 
convexities and concavities become ; and hence we 
say, reciprocally, that a convexity or concavity is 
greater in proportion as its radius, which is the 
measure of it, is smaller. 

However great in other respects maybe the varie^ 
we meet with in lenses or glasses, according as their 
.surfaces are plane, convex, or concave, and this in 
an infinity of different mamiers ; nevertheless, with 
respect to the effect resulting from them in dioptrics, 
thCT may be reduced to the three following classes : — 

The &st comprehends glasses which are every- 
where of an equal thickness i whether their two sOr' 
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centric, or described round the same centre. Fig. 
14], BO that the thickness shall remain everjirhtm 
the same. It is to be Temarked respecting gUsaes 



of this class, that ihey produce no change in the 
appearance of the objects which we view throu^ 
toem ; the objects appear exactly the same as ilf 
nothing interposed ; according];, they are of no 
naoner of use in dioptrics. This is not becaoae the 
raya which enter into these glasses undergo no re- 
fraction, but because the refractioa at the entrance 
is perfectly straightened on going off, so that the 
rays, after having passed through the glass, resume 
the same direction which they had pursued before 
they reached it. Glasses, therefore, of the other 
two classes, on account of the effect which they 
produce, constitute the principal object of dioptrics. 
The second class of lenses contains those which 
are thicker at the middle than at the edge, Fig. 14S. 



Fig. U2. 



Their effect is the same, as long as the excess of 
the thickness of the middle over that of the edge baa 
the same relation to the magnitude of the lens. All 
leDses of this class are commonly denominated ««»- 
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vex, as convexity predominstea, though otherwiM 
one of their Gunaces may be [dane.aBd eren con* 

The third claM contains all those lenses which 
are thicker at the edge than in the middle, Fig. 143, 
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wliich all prodnce a aimilar effect, depending on the 
excess of ^lickness towards the edge ovei that in the 
middte. As concavity prevails in all such lenaes, 
they are simplj denominated ceneave. They mnal 
foe carefully distinguished from those of the second 
£laas, which are the convex. 

Lenses of these two last claases are to be the sub- 
ject of my following Letters, in which I shall tsi. 
dearoor to explain their effects in dioptncB. 

l&fA December, 1761. 



LETTER LXXIV. 
Effect of Convex LtnMti. 

In order to explain the efTect produced by both 
convex and concave lenses in the appearwee of ob. 
Jects, two cases must be distinguishea ; the one wh«n 
the object is very far distant from the lens, and the 
other when it is nearer. 

But before I- enter on the explanation of this, I 
must say s few words on what is called the axis of 
the lem. Aa the two aurraces are represented by 
segments of a circle, you have only to draw fl strai^t 
line through the centres of the two' circles ; this bna 
is named the axis of the lens. In Fi^ U4, the ce» 
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tie oftheaichAEB being at C, and pig m, 

that of the arch A F B at D.the straight 

line C D is deoominated the axis of 

the lens A B ; and it is easy to see 

that this axis passes through the 

middle of it. The same thing would 

apply if the surfaces of the lens w 

concave. But if one is plane, 

axis will be perpendicular to it, p 

ing through the centre of the otbbr ' 

aurfhce. 

Hence it is obvious that the axis passes through 
ti» two surfaces perpendicularly, and that accon- 
in^iy a ray of light coming in the direction of the 
axis will suffer no refraction, because raj's passing 
from one medium into another are not broken or 
refracted, except when they do not enter in a per- 
pendicular direction. 

It may likewise be proved that all other rays paas- 
ing through the middle of the lens O unde^ no 
refraction, or rather that they again become pvallel 
to themselves. 

It must be considered, in order to comprehend the 
reason of this, that at the points B ana F the two 
sorfaces of the lens are parallel to each other, for 
the angle H E B which the ray U E makes with the 
arch of the circle E B, or its tangent at E, is per- 
fectly equal to the angle P F A', which this same 
ray produced, or F P makes with the arch of the 
circle A F, or its tangent at 7 -. you recollect that two 
such angles are denominated aitemate, and that it ia 
demonstrated, when the aitemate angjes aro eoiial, 
that the straight liqes are parallel to each otner; 
consequently, the two tangents at E and at F will be 
parallel, and it will be the same thing as if the ray 
H E F P passed through a lens whose two sorfacea 
were parallel to each other. Now we have already 
Men that rays do not change their direction ia paaft* 
iii( ttuougb •ooli a lens. 
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Haiinff made IhCBe remarka, let us now consider 
a convexiena A B, Fie. 145, whose suriB la rv^, 145 
theitrai^hiUneOEFP; andletussup- *- 

Stse that there is in this line, at a great 
stance from the lens, an object or lu- 
minouB point O, which diffuses rays in 
all directions : some of these will pass 
throug-h onr lens A B, such as O M, E, 
and O N ; of which that in the middle, E, 
will undergo no tefraction, but will con- 
tinue its direction throu^th tbe lens in the 
same produced straight line F I P. The 
other two rays, O M and N, in passins 
throoR'h the lens towaids the edge, wiU 
be refracted both at entering and depart- 
ing, so that they will somewhere meet 
the aiis, as at I, and afterward, continue 
their progress in the direction I Q and I R. 
It might likewise be demonstrated that 
all the raya which fall between M and N -^S 
will be refracted, so as to meet with the 
axis in the same point I, Therefore, the 
rays which, had no lens interposed, would 
have pursued their rectilineal direction 
O M and N, will, alter the refraction, 

Sursue other directions, as if they had taken their 
eparture from the point I ; and if there were an 
eye somewhere at P, it would be affected just as if 
the luminous point were actually at I, though there 



diffusing its rays, would be equally seen by a 
placed at P, as it now sees the object at by means 
of the rays refracted by the lens, because there is at 
I an image of the object 0, and the lens A B there 
represents the object 0, or transports it nearly to I. 
The point is therefore no longer tte object of 
Tision, but rather its image, represented at I; for 
this is now its immediate object. 
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This tens, then, produces a very considenble 
change : an object tery remote O ia Buddealy trans- 
ported to I, from which the *ye must undoubtedly 
receive a ver; dlRerent impreesioa from what it 
wonld do if, withdrawing the lens, it were to view 
the object O iinmedia.tely. Let be considered as 
a star, the point being supposed extremely distant, 
the lens will represent at I the image of that star, 
Inil an image which it is impossible to touch, and 
which has no reality, as nothing exists at I, unless 
it be that the rays proceeding from Ihe point are 
collected there by the refraction of the lena. Nei- 
ther IB it to be imagined that the star would appear 
to us in the same manner as if it really existed at I. 
How could a body many thousands of times bigger 
than the earth exist at a point I! Our senses would 
be vcty differently struck by it. We must carefullT 
remark, then, that ah image only is represented at I, 
like that of a star represented in the bottom of the 
eye, or that which we see in a mirror, the effect of 
which has nothing to surprise us. 

15tA December, 1761. 
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I weah to employ this Letter in explaining the eSTect 
produced by convex lenses, that is, such as are 
thicker at the middle than at the edge. The whole 
consists in determining the change which rays un- 
dergo in their progress, on passing through such a 
glass. In order to place this subject in its clearest 
light, two cases must be carefully distinguished ; the 
one when the object is very distant from the lens, 
and the other when it is at no great distance. I 
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begin with coiuidering the flnt case, that is, when 
the object ia eztreraelv remote tnm the lena. 

In 1%. 146, M N is the convex lens, n^ 140 
and the straight line A B 1 S iU axis, ^ °~ 
passing perpendicularly through tha ' 
middle. I remark, by-the-wn', that 
this property of the axis of every 
lena, that of passing perpendiculariy 
through its middle, coiiTeys the justest 
idea of it that we are capable of form- 
iny. Let us now conceive that on 
this axia there is somewhere at O an 
object P, which I here represent as 
a straight tine, whatever figure it may 
really nave; and as every point of 
this object emits its rays in all direc- 
tions, we couflne our attention to 
those which fall on the lens. 

My remarks shall be at present fur- 
ther Hmited to the rajs issuing from s<t; 
the point 0, situated m the very axis 
of the lens. The figure represents 
three of these rays, O A, O M, and N, 
the first of which, A passing through 
the middle of the lens, undergoes no 
chaogeof direct ion, but proceeds, after having passed 
through the lens, in the same straight line BIS, that 
is, in the axis of the lens ; but the other two rays, 
O M and N, undergo a refraction both on entering 
into the glass and leaving it, by which they are 
turned aside from their first direction, so as to meet 
somewhere at 1 with the axis, from which ihey will 
proceed in their new direction, in the straight lines 
MlQandNlR; so that afterward, when they shall 
meet an eye, they will produce in it the same effect 
as if the point O existed at I, as they preserve the 
same direction. For this reason, the convex lens is 
said to transport the object to I ; but in order to 
diatinsnish this point 1 (torn the real point 0, Itao 
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former is called the image of the latter, which in ttl 
turn is denominated the object. 

This point I is very remarkable, aod when the ob- 
ject IS extremely distant, the image of it is like- 
irise denominated the focus of the lens, of which I 
shall explain the reason. If the sun be the object at 
O, the rays which fall on the lens are all collected at 
I ; and being endowed with the quality of heating, it 
IB natural that the concourse of so many rays at I 
sbould produce a degree of heat capable of setting 
on flre any combustible matter that may be placed 
there. Now, the place where so much heat la col- 
lected we call the facta ; the reason of this denomi- 
nation with respect to couTex lenses is evident. 
Hence, too, a convex lens is denominated a burrmig- 
glaii, Uie effects of which you are undoubtedly w^ 
acquainted with. I only remark, that this proper^ 
of collecting the rays of the sun in a certain point, 
called their focus, is common to all convex lenaea : 
tb«y- likewise collect the lays of the moon, of the 
stars, and of all very distant bodies; though their 
force is too small to produce any heat, we neverlbe' 
less employ the same term, focua : the focus of a 
glass,' accordingly, is nothing else but the spot where 
the image ofver^ distant objects is represented i to 
which this condition must still be aaded, that tlie 
object ou^ht to be situated in the very axis of the 
lens ; for if it be out of the axis, its image will like- 
wise be represented out of the axis. I shall have 
occasfon to speak of this aflerward. 

It may be proper slill further to subjoin the fol- 
lovdng remarks respecting the focus: — 

1. As the point 0, or the object, is infinitely dis- 
tant, the rays M, A, and N maybe considered 
as parallel to each other; and, for the same resaoo, 
pnallel to the axis of the lens. 

3. The focus I, therefore, is the point behind 
the glass where the rays parallel to the axis wliicA 
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bn on the lena an collected bjr the refraction of the 
kns. 

3. The focus of a lens, uid the spot where the 
image of an object, infinitely distant, and situatod 
in the aiis of the lens, is represented, are the same 

4. The distance of the point I behind the lena, that 
■a, the length of the line B I, is called the distance of 
the focus of the lens. Some authors call it the/oeol 
tUtlanct, OT focal length. 

6. Every convex lena has its particular distance 
of focua— one greater, another les&^-which is easffly 
ascertained by exposing the lens to the sun, and d&- 
serviag- where the rays meet. 

6. lenses formed by arches of small circles, have 
their focuses very near behind them ; but those 
whose surfaces are arches of great circles have more 
distant focuses. 

7. It is of importance to know the focal distaiUK 



Gs[>ond to the 
same circle, then the radius of that circle gives 
nearly the focal distance of that lens ; thus, to make 
a borning-glass which shall bum at the distance of 
a foot, you have only to form the two surfaces 
arches of a circle whose radius is one foot. 

9. But when the lens is plano-convex, its focal 
distance is nearly equal to the diameter of the circle 
which corresponds to the convex surface. 

Acquaintance with these terms will facilitate thk 
knowledge of what I have further to advance on thia 
sukjecL 

J»IA Dtcmber, 1791. 
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LETTER LXXVI. 
Dittmee of At Image of Objed*. 

tliTiNa reroariied that an object infinitely distant 
ia repieseDted by a convex lens in the very focus, 
pronded the object be in the axis or the lens, I pro- 
ceed to nearer objects, but always situated in the 
axis of the glaai ) and 1 observe, first, that the nearer 
the object approaches to the lens the fattber ths 
Image retires. 

Let na accordingly suppose that F, Fig. 147. 
Fig. 147, is the focus of the lens M M, 
so that when an object is infinitely dis- 
tant before the ^ass, or at the top of 
the fisure, the image shall be repre- 
sauted at F ; on bringing the object 
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in other words, if A P is the distance 
of the object, B p will be the distance 
of the image ; and if A Q is the dis- 
tance of the object, B g will be that of 
the image ; and the distance B r of the 
image will correspond to the distsncs 
A R of the object. 

There ia a rule by which it ia easy 
to calculate the distance of the image 
behind the lens for every distaitce of 
the object before it, but 1 will not tire 
you with a dry exposition of thia rule ; 
itwill be sufficient to remark, in gene- 
ral, that the more the distance of the object h»< 
fore the glass is diminished, the more is the distaic« 
«f the image behind it increased. . I shall to Ifatt 




Bsbjoin the instance of a conTez lena whose focal 
distance is six inches, or of a lens bo fonned that 
if the distance of the object is infinitelv great, the 
distance of the image behind the lena stiiUl be pr»- 
lisely six inchds ; now, on bringing the object nearer 
o the lens, the image will letire, accoioing to the 
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Thna, the object being 49 inches distant ttom the 
lens, the image will fall at the distance of 7 inches, 
that is, one inch beyond the focus. If the object i| 
at the distance of 94 inches, the image will be ro- 
moTed to the distance of 8 inches fTOm the lens, 
that is, two inches beyond the focns ; and so of the 
rest. 

Though these numbers are applicable only to a 
lens whose focal distance is S inches, some generd 
consequences may, however, be deduced from them. 

t. If the distance of the object is infinitely great, 
the image falls exactly in the focus. 

9. If the distance of the object is double the dis- 
tance of the focus, the distance of the image will 
likewise be double the distance of the focus ; iaotner 
words, the object and the image will be equaltv dia-' 
taot bom the lens. In the example above exhinitedt 
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tto distanca of Ibe ottJMt being 18 iaehOB, that af 
tha imm is likewiM IS ucbes. 

3. Wben th« object is brougU so near tbe Inis 
thM tbe <listaiKe is ivecisely equal to that of th* 
focus, say B inches, >• in die j^ceding ezampliL 
then tbe uaage retires to aa infinite distaoce beluna 
the leas. 

4. It is likewise obeerrable in general, that tbe 
diatanee of the otnect and that of the image ree^ 
Torally correspond ; or if von put the object in the 
jAmo of tbe image, it will fall in the place of tba 
object 

5. lf,the>erore,thelenBMM,JV.148, JF^- 148. 
collects at I tbe rays which issue from 
the point 0,the same lens will likewise 
collect at rays iaaning from the 
point 1. 

6. It is tbe consequence of a great 
principle in dioptrics, in virtue of which 
It may be maintained that whatever are 
the refractions which rays have under- 
gone in passing through several refi-act- 
mg media, they may always retuni in tbe 
same direction. 

This truth is of much importance in the faiov. 
ledge of lenses ; thus, when I know, for example. 
Hut a lens has represented, at tbe distance of 8 
inche8,*the ima^ nf an object 94 inches distant, I 
may confidently mfer, that if the object were 8 inches 
distant, the same lens would represent its image at 
the distance of 34 inches. 

It is further eesential to remark, that when tbe 
^stance of the object is equal to that of the focna, 
tneimage will suddenly retire to an infinite distanca; 
which perfectly hannonizea with tbe relation nistilic 
between the object and ihe image. 

You will no doubt be curious to know in what 
place the image will be represented when the object 
IS brongbt bUU neaier to the lens, so that its distuwe 
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lUlbecoiDeleM than that of the focus. ThisquM- 
tiOB is the more embatrassing, that the answer most 
be, the distance of the image will in this cas« be 
gieater than infinity, since the nearer the object ap- 

S roaches the lena tiie farther does the image wtuv. 
Ut the iBUge being already iagnitaly distant, how 
is it possible that diatauce should be increased 1 The 



of the lens, and consequently will be on the s 
side with tbe object. However strange this answer 
.may ajqiear, it is confirmed, not only by reasoninf, 
but by experience, so that it is irapossiMe to douM 
•Ofitssolidity; to increase beyond infinity is the same 
dhing with passing to the other side : (bis is nnques- 



LETTER LXXVn. 

MagvUvde of Imagu. 

Yoo csn no longer doubt that every convex lena 
must represent somewhere the image of an object 
presented to it ; and that in every case the -place 
of the image varies as much according to the dis- 
tance of the object as according to the Rtcal distance 
of the lens : but a very important article remains 
yet to be explained — 1 mean tbe magnitude of th« 
image. 

When such a lens represents to us the image of 
the sun, of the moon, or of a star, at the distance of 
a foot, yon are abundantly sensttde that these images 
must be incomparably snuller than the objects tbem- 
■elvea. A star being much greater than the whole 
MUtht how is it possible that an image of soch miw- 
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nttade should be npreseated to us at the distance of 
ft foot * But the BtBT appearing to us only as a point, 
tto image represented by the lens likewise resembles 
a point, and consequently is infinitely smaller than 
the ol^ect itaelf. 

There are, then, in every representation made by 
lenses, two things to be considered ; the one respects 
the place where the image is repreeented, and tbs 
other (he real magnitude of the unsge, which may 
be very different Irom that of the object. The first 
being sufficiently elucidated, I proceed to ftunish 
you with a very simple rule, by which you will be 
enabled In eve^ case to determine wbat must ba 
the magnitude of the image represented by the 
lens. 

Let P, Fig. H9, be any object . 
whatever situated on the axis of the 'V; JW. 
convex lens M N ; we must first look 
for the place of the image, which is 
at 1, »a that the print 1 shall be the 
representation of the extremity O of 
the object, as the rays issuing from 
the point are there collected by 
the refraction of the lens. Let us 
now see in what place will be rcprO' 
Bented the other extremity P of the 
Alect ; for this purpose let ua con- 
sider the rays P fit, P A, P N, which, 
issuing from the point P, fall on the 
lens. I observe that the ray P A, 
which passes through the middle of 
the lens, does not change its direc- 
tion, but continues its progress in the 
straight Une A K S 1 it wUl be there- 
fore somewhere in this line, at K, ^ 
that the other rays P M and P N 
will meet ; in otber words, the point 
K will be the image of the other extremitr P of Oe 
fliject, the point I being that of the extremi^ 0: 
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hence it is easy to conclude 4hat I K will -tm Qte 
image of the object P repreaented by the lens. 

In order, then, to determine the magnitude of this 
image, having found the place 1, you have onlv to 
draw from thb extremity P of the object, througn A, 
the middle of the lens, the stvaight line P A K 8, and 
to raise from 1 the line 1 K perpendicular^o the axis, 
and this line I K wiQ be the image in question ; it is 
evident frqm this that the image is reversed, so that 
if the line R were horizontal, and the object P 
I man, the image would have the head K undermost, 
(uid the feet I nppermost. 

On this I subjoin the following remarits : 
1. Thenearerlheimageis tothelenB,Uiesroaller 
-it is ; and the more remote it is, the greater its mag> 
nitiide. Thus, P, Fig. 150, being jy?. 160. 

tha nKisM n1a».iul nf^ (hS 8X18 bsfOrfl 



it would be smaller than if it fell at 
R, S, or T. Por.ss the straight line 
P A t, drawn from the summit of the 
object P, through the middle of the 
lens, always terminates the image, 
«t whaterer distance it may be, it is 



i. There is one case in which the 
image is precisely equal to the object : 
it is when the distance oX the image is 

aual to that of the object ; and this 
[OS place, as I have already re- 
marked, when the distance of the t 
object A O is doubla that of the focns 
of the tens ; the image will then be T r, so that the 
distance B t is equal to A Q. \ on have only then 
M cooaider the two tiianglea O A P and T A ( 
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Thich taaviB^ the oWosite angles at the point A, u 
well aa the eidea A O and A T, equal eacn to Okch, 
as l&ewisB the angles at and T, wbich are both 
fight angles ; Ihese two triangles will be every way 
oqaal, and consequently the side T t', which la the 
ima^, will be equal to the side P, which is the 
object. • 

3. If the image were twice farther from the lens 
than the object, it would be double the object ; and 
in general, ss many times as the image is farther 
from the lens than the object, so many times will 
it be jester than the ' object. For the nearer 
you bnng the object to the glass, the farther the 
image retires, uid consequently the greater it be- 
comes. • - t 

4. The contniry takes place when the image is 
nearer the lens than the object ; it is then at many 
timOB smaller than the object as it is nearer tba 
lens than the object ia. If, then, the distance of 
the image were one thousand times less than that 
of the object, it would likewise be one thousand 
times smaller. 

6. Let us ap{dy this to buming-^lasses, which, 
being exposed to the ami, represent its image in the 
focus, or rather represent the focus, that is, the Inmi- 
noBB and brilliant circle, which bums, and which i> 
nothing else but the image of the sun represented b^ 
the lens. You will no longer be surprised, then, at 
the smallneas of the image, notwithstanding the pro- 
digious magnitude of the sun, it being as many times 
smaller in the focua than th« real sun, as the dis- 
tance of the sun from the lens ia greater than that 
of thri image. 

6. Hence likewise it is evident, that the greater is 
the distance of the focus of a buming-^sss, the 
more brilliant also is the circle in the focva, that 
{■, the greater will be the image of the sun ; anJd the 
ditmeter of the focus is always about one hnadrad 
times smaller than the distance of the focus (ton 
thoi&BB. 
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I ihall afterward explain the diSbretit nses whiob 
taay be made of conTex leosea ; they tre all »id&- 
ciently curiona to merit attention. 

SOM Dtcmtibtr, 1761. 



LETTER LXXVIII. 
I • Swrning-glaue*. 

Tbi £rst DM of convex lenses is their employ- 
ment as burning-glasses, the effect of which must 
appear altogether astonishing, even to thoae who 
already have some acquaintance with natural philo- 
aophy. In fact, who could (lelieve that the image 
Of the sun simply should be capable of exciting such 
a prodigious degree of heat 1 But your surprise will 
cease, if you please to pay some attention to the 
following reflections: — 

1. Let MN./y. lSl,beabum- jy^. 151. 



Bur^ce the rays of the sun R, R, R, 
refracted in such a manner as to 
present at F a small luminous cir- 
cle, which is the image of the sun, 
and so much smaller as it is nearer 
to the glass. 

3. AU the rays of the sun, which' 
fall on the surface of the glass an 

1 space of the focus F; their eOect, accord- 




of the focus, or of the sun's image. We say that 
the rays, which were dispersed over the whole 
surface of the glass, are concentrated in the small 
space F. 

3. The rays of the sun having a certain degree of 
heat, they exert their power in a very eensible man- 
ner at the focus i It is possible even to calculate how 
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man; times the heat at the focna ronat exceed the 
tutural beat of the buii'b rays : we have onl^ to 
obaerre how many times the.sarface of the glass is 
greater than the focus. 

4. If the glass were not greater than the focus, 
the heat would not be stroDger at the focus than any- 
where else ; hence we must conclude, that in order 
to the production of a strong heat by a huming- 
glasH, it is not sufficient that it should be conTex, or 
that it should represent the image of the sun ; it 
must besides have a auiface which severe times 
exceeds the magnitude of the focus, which is smaller 
in proportion as it is nearer to the glass. 

6. France is in possession of the most excellent 
burning-glass : it is three feet in diameter, and it« 
surface is calculated to be nearly two thousand times 
greater than the focus, or the imageof the sun which 
It represents." It must produce, therefore, in the 
focus, a heat two thousand times greater than that 
which we feel from the sun. Its etTects are accord- 
ingly prodigious : wood of every kind istnamoraent 
set on Hre; metals are melied in a few minutes; 
and, in general, tlie most ardent fire which we ar? 
capable of producing is not once to be compared 
with the vehement heat of this focus. 

6. The heat of boiling water is calculated to bo 
about thrice greater than what we feet from the rayff 
of the Bun in summer ; or, which amounts to the 
same thing, the heat of boiling water is thrice greater 
than the natural heat of the blood In the human 
body. But in order to melt lead, we must have a 
heat thrice greater than is requisite to make water 
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t»3 ; md to melt copper, a Ueat gtill ttiriee gieaWr 
4B necestfaiy. To melt gold requires a much higher 
degree of heat. Heat, then, one hundred tiDtei 
greater than that of our blood is capable of melting 
gold ; how far then must a heat two thousand timw 
.greater exceed the Torce or our ordinary fires * 

7. But hov are these prodigious effects produced 
by the rays of the sun coUecled In the focus of a 
buming-^asBi This ia a very difficult question, 
with respect to which philosophers are very much 
divided. Those who maintain that the rays are an 
emanation from the sun, darted with the amaxiag 
velocity which I formerly described, are not greatly 
embarrassed for a solution: they have only to sar 
that the matter of the rays, striking bodies with 
violence, must totally break and destroy their minute 
particles. But this opinion is no longer admitted in 
■oundphilosophy. 

8. The other system, which makes the nature of 
light to consist in the agitation of the ether, ^pears 
linie adapted to explain these surprising effecle of 
burning-glasses. On carefully examining, however, 
bU the circumstances, we shail goon be convinced of 
th« possibility of this. The natural rays of the sun, 
as they fall on bodies, excite the minute particles of 
the surface to a concussion, or motion of vibration, 
which, in ita turn, is capable of exciting new rays ; 
and by these the body in question is rendered visible. 
And a bod^ is illuminated only so far as these 
proper particles are put into a motion of vibration 
io rapia as to be capable of producing new rays in 
the «ther. 

9. It is clear, then, that if the natural rays of the 
>tm have sufficient force to agitate the minul« par- 
ticles of bodies, those which are collected in the 
brus must put the particles which they meet there 
into an agitation so violent thai their mutual adhe- 
sion is entirely dissolved, and the body itself com- 
Bletely destroyed, which is the effect of fire. Far it 
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the bod; is combnstible, bb wood, the diBSOlntion of 
these minute particteB, joined to the moet tapid a^-t 
tttton, makes a considerabls part of it to fly off into 
air in the form of smoke, and the groaser partictea 
nmain in the form of ashes. Fusibte bodies, u 
metals, become liquid hy the dissolution of their par- 
tlcleB, whence we maj comprehend how fire acta on 
bodies ; it is onlf the adhestoivof their minutest par- 
ticles which Lb attacked, and the particles themaelTes 
are tbereb; afterward put into the most violent agita- 
tion. Here, then, is a very striking' effect of bum- 
in^glasses, which derives its origin from the nature 
ofcoDvez lenses.* There are besides many wonder- 
fbl effects to be described. 
ftetKDeetmber, 1761. 



LETTER LXXIX. 

The Camtra Obscura. 

Wi likewise employ convex lensea in the camera 
oiseura, and by means of them all external objects 
are presented m the darkened room on a white sur- 
face, in their natural colours, in such a manner that 
landscnpes and public buildings, or objects in general, 
are represented in much greater perfection" than 
the power of the pencil is capable of producing. 
Painters accordingly avail themselves of this method, 
inordHto draw witn exactness landscapes and other 
ob|ectB which are viewed at adistance. The camera 
OMcura, then, which is the subject of (his Letter, 
i> represented at E F G H, Fig. 159, closely shut up 

*la tligvorktItBAdy qwrBd, La p. KM, nols, I Ti«tv ■hawq taowbhUK 
iBf I«1H« may bfl i»it«njciKl ofmy i}u.hytiDt1dinff litem, ■■ K ver^ 

fnitinil ind pollinal Hparmtil;. By inil imni llie nninl pani tt 
Ibtbuniini Ima an mucti Insthicli ihan nban Ibtlcna la oT nnr pitM^ 
mi ibasnw of Ihc ipnencml sbermuan miy tnlaiinat nxaaun evr- 
ikM.-Sm Dm Kiiriwrfk Plalmrlitcal Jramat, nl. ilH. p. ltt.-^M. 




conrez lens, of auch a focus as to throw the image 
of exteraal objects, say the tree O P, exactly on ue 
opposite wall P G, at o ;>. A white and moTe^e 
table is likewise employed. Which is pat in the place 
of the images represeoted. 

The rays of lieht, therefore, can be admitted into 
the chamber oiSy through the aperture M N, in 
which the lens is fixed, without which total daAnesa 
would prevaU. 

Let ua now consider the point Pof any otriect, 
eay the stem of our tree P. Its rays P M, P A, 
P N, will faU on the lens M N, and be refracted by 
it, so as to meet again at the point « on the wall, or 
on a white table* placed there for the purpose. 
This point f will consequently receive no other ran 
but such as proreed from the point P ; -and m ^Hke 
manner every other point of the table will receive 
only the raya which proceed from the corresponding 
point of the abject ; and reciprocfl^, to every point 
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of the externa] object will coneBpond a point on the 
table, which receives those rays, and no other. If 
the lens were to be removeAlroni the aperture M N, 
the table would be illuminaled in quite a different 
manner; for in thfit case every pDint of the ohject 
would diffuse its rays over the wQole table, bo that 
«very point of the table would be illiuninated at 
once by all the external object*, whereaa at present 
it is BO by one only, that whose rays it receives: 
fhim this you will easily comprehend that the effect 
mast be quite different from what it would be if the 
lays entered simply by the aperture H N into the 
chamber. 

Let OS now examine somewhat more closely 
wherein this difference consists ; and let us first m^ 
pose that the point P of the object is green ; the 
point of the table p will therefore receive only those 

rn rays of the object P, and these, renniting on 
vail or table, will make a certain lii^>i«Bsion, 
which here merits consideration. For this porpoae 
jrou will r^ease to recfiUect the following projio. 
sitions, which I had formeriy the honour of e^ilain- 
ing to you ; — 

1. Colours differ from each other in the same 
manner as musical sounds ; each colour is [voduced 
b^ a determinate number of vibrations, which in a 
given time are excited in the ether. The green 
colour of our point P is accordingly appropriated to 
acertajn number of vibrations, and would no longer 
be gresn were these vibrations more or less rapid. 
Though we do not know the number of vibrations 
which produce such or such a colour, we may.bow- 
ewbe permitted toauppose here that green requires 
twdve thousand vibrations in a second; and what we 
affirm of this number, twelve thousand, may likewise 
be easily imderqp>od of the real number, whatever 
it be. 

B. This being laid down, the point ^ oif the white 
table will be struck by a motion of Tibiation, of which 




hreWe thonstmd will be completed in a Becond. 
Nmr, I hare remarked that the particles of a white 
surface are dl of such a nature aa to receive every 
soil of agitation, -niore or less rapid ; whereas those 
ora coloured surface are adapted to receive onlj that 
degree of rapidity which corresponds to their colour. 
Aivi as our tabic is white, the point ^ in it will be 
excited to a motion of vibration corresponding to the 
colour of green ; in other words, it will be agitated 
twelve thousand times in a second. 

8. As loi^ as the poiot p, or the particle of the 
white surface which exists there, is agitated with a 
similar motion, this will be communicated to the par- 
ticles of the ether which surround it; and this motion, 
diffiising itself in all directions, will generate rays of 
the same nature, that is to say green ; just as in 
music, the sound of a certain note, say C, agitates a 
string wound up to the same tone, and makes it emit 
a sound without being touched. 

i. The point p of the white table will accordingly 
produce green rays, as if it were died or painted Uat 
Goloori and what I affirm of the pointp will equally 
take place with respect to all the points of the illu- 
Biinated table, which will produce all the rays, each 
«f the same colour with that of tiie object whose 
image it represents. Every point of the table will 
therefore become visible, under a certain colour, as 
if it were actually painted that colour. 

6, You will perceive, then, on the table, all the 
colours of the external objects, the rays of which 
will be admitted into the chamber through the lens ; 
each point in particular will appear of the cobnr of 
that point of the object which corresponds to H, and 
you will see on the t^le a combination of various 
colours, disposed in the same order as you see then 
in the objects themselves ; that is to say, a repre- 
sentation, or rather the perfect picture, of all the ofr- 
jects on the outside of the dark chamber which u* 
before the lew N N. 
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6. All theBe objacU will, however, appear rere we J 
on the table, as you will conclude from what I havft 
•aid in in^ Toregoing Letters. The under part of the 
tree O will b« repiesented at o, and the summit P at 
p\ for, in ^neral, each object must be represeuted 
on the white table in the place which is tne termi- 
nation of the straight line drawn from the object P 
throug'h the middle of the lens A : that which is np> 
ward will conaequeotly be represented downward, 
and that which is to the left will be to the ri^ht ; in 
a word, every thing will be reversed in the pictnre; 
the representation will nevertheless be more exact 
and more perfect than the most accurate painter is 
capable or producing. 

7. You will further remait, that this picture will 
be BO much smaller than the objects themselveB in 
proportion as the focus of thelensis shorter. Lenaei 
of a short focus will accordingly give the objects in 
miniature ; and if you. would wish to have them 
magnilied, you must employ lenses of a longer focus, 
or which represent the images at a greater distance, 

8. la order to contemplate these repreeentationa 
more at ease, the rays may be intercepted by a mir- 
ror, from which they are reflected, so as to represent 
the whole picture on a horizontal taUe ; and this ta 
of peculiar advantage when we wish to copy the 
images.* 

" ■ ' ', 1763. 
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LETTER LXXX. 
StfiMtknuonthe lUpnteataticitiM the Camera Oitaira. 

Tbodok jou can no longer entertain any doubt 
ftspecting the repregentationa made in a dark cham- 
ber by means of a convex lens, 1 hope the following 
reflections will not appear supertluous, as they eeire 
to place this subject in a clearer light : — 

1, The chamber must be completely darkened, for 
were the li^t admitted the white table would be 
visible, and the particles of its surface, already agi> 
tated, would be incapable of receiving the impression 
of t]ie rays which unite to form the images of exter- 
nal obiecta. Though, however, ihe chamber were a 
tittle illuminated, HiillBorDethingaf the representation 
would appear on the table, but by no means so vivid 
ms if the chamber were an ti rely dark. 

9. We must carefolly distinguish the picture repre- 
•ented on the white t^le from the image which the 
lens in virtue of its own nature represents, as I have 
formerly explained. It is very true, that placing the 
table in the very place where the image of the ob- 

ects is formed by the lens, this image will be con- 
onded by the picture we perceive on the table; 
these two things are nevertheless of a nature entirely 
different: the image is only a spectre or shadow 
iloeting in the air, which is visible but in certain 
placea ; whereas the representation is a real picture^ 
which every one in the chamber may see, and to 
which duration alone is wanting, 

8. In order the more clearly to elucidate this differ- 
ence, you have only to consider carefully the nature 
of the image o, Fig. 163, represented by the convex 
l^s U N, the object being at 0. This image i* 
DoAing else but the place ui which the rays O H, 
O C, N, of the oltjwt, afler having passed through 
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the lens, meet by refraction, and thence continue 
their direction as if they proceeded from the point 
o, though they really originated from O, and by no 
means from o. 

4. Hence the imageisvieible only to eyes situated 
somewhere within the angle R » Q, aa at S, where 
an eye will actually. receive the rays which come to 
it IVom the point a. But an eye situated out of 
this angle, as at F or V, will aee nothing at all of it, 
because no one of the rays collected'at o is directed 
towards it : the image at e, therefore, differs very 
easenlialiy from a real object, and ia visible only in 
certain places. 

6. But if a white table is placed at o, and its sur- 
face at this point e ia really excited to an agitation 
similar to that which takes place in the object 0, 
this spot of the surface itself generates rays which 
render it visible everywhere. Here, then, is the 
difference between the image of an object and it* 
Tepresentationmadeinacameraobscura: the image 
is visible only in certain places, namely, those 
through which are transmitted the rays that origia* 
ally proceed from the object ; whereas the picture, 
or representation formed on the white table, ia seen 
by its own rays, excited by the agitation of the par- 
ticles of its surface, and consequentiy Tisible to 
ereij i4ace of the camera obscura. 
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S. It is likewise evident that the white table mast 
absolutely be placed exactly in tifc place df the image 
formed by the leas, in order that every point of the 
taWe may receive no other raya except such as pro- 
ceed from a ein^ point of the object; for if other 
nya were likewise to fall upon it, they would dis- 
turb the effect of the former, or render the lepre- 
■entation confused. 
. 7. Were the lens to be entirely removed, and free 
■ " ' " "in given to the raya into the dark chamber, 



ebjecis would fall on every point of the table, with- 
out expreasing any one determinate image. The 
picture, acconCngly, which we see in a camera et»- 
Mura, on a white surface, is the effect of the con<>ex. 
lens fixed in the shutter; this it is which collects' 
anew, in a single point, all the rays that proceodi 
flIiMn one point of the object 

3'. A very singular phenomenon is here however 
•beervable, when the ^)erture made in the wiodow- 
ahntterof the dark chamber is very small: for tfepn^. 
no leoa be apfdied you may nevertheless pere«ive, , 
on the opposite partition, the images of exiemal'ob-. 
jects, and even with their natur^ colours; but the 
representation ia veiy faint and confused, and if the 

Zirtnre is enlaived, this representation antirely 
appears. I shul explain this phenomenon; 
In f^. 154, M N is 
the smaQ aperture through Fig- 16* 

which the r ' ' '' 



rays of external t-,,,^^ »]j— if' 
admitted into the ^''*-*i.,^ 1 
iber E F G H. ^^ L J 
F G opposite to ** p5 
ire is white, the 
iceive the imprea* »|l l)p 



dan chamber 
The wall 
IffB aperture 

better to receive the impres- 
■ion of rays of all sorts. 
Let r ■ -" ■ - 
OM, ( 
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them, can enter into the chamber. These lays wOI 
be confined to the small space o o of the wall, and 
■will iUuminate it. This space o a will be «o much 
smaller, or api^vach the nearer to a point, in pn»- 
portion as the aperture M N is nnaU : if then this 
aperture were very small, we shonld have tite effect 
already deacribed, according to which every point 
of the while table receives only the rays proceeding 
from a ningle point of the object: there would be 
produced, of consequence, a representation aimilar 
to that which is produced by the application of a 
convex lens to an aperture m the window-ahutter. 
But in the preseot case, the aperture twing of a cer- 
tain extent, every point of the object will iUumi- 
nate a certain smaQspaceo oou the wall, and agitate 
it by its rays. The aame thing, then, nearly, would 
take place, as if a painter, instead of making points 
with a fine pencil, should with a coarse one make 
spots of a certain magnitude, attending, howere^ 
to design end colouring : the representation made on 
the wSl will have a reaemblance to this sort of 
daubing; but it will be clearer in proportion to the 
Bmallneas of the aperttire by which the raya are ad- 

6th January, 1T0& 



LETTER LXXXI. 

Qf the Magic Lantern, and Solar lUieroKcpe. 

The camera obscura haa properly no effect exce^ 
on very distant objects, but you will easily compre- 
hend that its application may be equally extended 
to nearer objects. For this purpose, the white tahle 
must be removed farther from the lens, conformaUy 
to tfiis general rule, that the nearer the object is 
brou^t to the convex leds, the farther does the 
image, where the white table ought to be placed) 
i»tire lioffl it i sDd U the chamber is not of mffi- 
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dent depth, a different lens, of a shorter focos, 
must be employed. 

You may place, then, out of the Chamber, before 
the aperture to which the courex lens ia fitted, any 
object or mcture whatever, and you will see a copy 
of it on nie white table within the dark chamber, 
ffrealBT or smaller than the original, according as 
the ditftance of the image )s greater or smaller; but 
it would be more commodious, undoubtedly, if the 
object could be exposed within the darlc chamber, 
in order to its being moved and chan^d at [Measure. 
But here a great difficulty occurs, — the object itself 
would in this case be darkened, and consequently 
. rendered incapable of producing the effect we wish. 

The thing wanted, then, is to illuminate the object 
as much as passible within the dark chamber, and 
at the same time to exclude the light. I hare found 
out the means of doing this. You will recollect 
tbat 1 constructed a machine to the effect I am 
mentioning, which 1 had the honour of presenting 
to you six years ago ; and now you will easily com- 
prehend the structure, and the principles on which 
it is founded. 

This machine consists of a box very close on.all 

aides, nearly of a figure similar to ^g- 184- The 

Fig. 164. 
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fartbflr fide of whiph E G ba« an opening I' S, 
in which are to be fitted the objects, portraits or 
otiter pictuTM, O P, vhich you mean to represent ; on 
tiie other aide, directly opposite, is atube M N Q R, 
contBininff a conTex lena M N ; tliia tube ia move- 
able, for tne purpose of bringing the lena fearer to 
Ute object, or of removing it, at pleasure. "Rien, 
provided the object O P be well illuminated, the 
lens will throw somewhere the im^e of it o p, and 
if you there place a white tablet, you will seb upon . 
it a perfect copy of the object, ao much the cleai«r 
as the object itaelf is more illuminated. 

For thia purpose I have contrived in this box two 
side wings, for the reception of lamps with large 
wicks, and in each wiug is placed a mtrror to reflect 
the G^ht of the lampa on the objects O P ; atiove, at 
E F, 13 a chimney, oy which the amoke of the lampa 
passes off. Such is the construction of thia ma- 
chine, within which the object O P may be very 
strongly itlnminaled, while the darkness of the 
chamber autfers no diminution. In order to the 
proper «se of thia machine, attention must be paid 
to the fellowing remarka. 

i. On sliding inward the tube H N Q R, that Is, 
bringing the lena M N nearer to the object O P, the 
image o p will retire ; the white tablet must there- 
fore be removed backwards, to receive iJie imaee at 
the just distance ; the image wilf thereby be like- 
wise magnified, and you may go on to enlarge it at 
pleasure, by pressing the lena >f N nearer and nearer 
to the object P. 

2. On removing the lens from the object, the dis- 
tance of the image will be diminished : the white 
tablet must in this case be moved nearer to the lens, 
in order to have a clear and distinct repreaenlatiou ;. 
but the image will be reduced. 

3. It iR obviouB Diat the image will be always re- 
versed; but this inconvenience is easily remedied; 
you hare only to reverse the object O P itself, turn- 




Ing- it upside down, and the image wiU be Npr» 
sented npiight on tbe white tablet. 

1. It is a further zeneral remartc, that ihe mem 
the image is magnified on tho white tablet, the lesa 

uminous and diatinct it will be; but on reducing 
tho image, it is rendered more distinct and brilliant, 
Tlie reason is plain — the light proceeds wholly from 
the illumination of the object; the greater that the 
space is over which it is diffused, the more it must 
be weakened, and the more contracted it is, the moi« 
brilUant. 

5. Accordingly, the more yon wish to magnify the 
representation, the more you muat strengthen the 
illumination of the object, by increasing the li^ 
of the lamps in the wings of the machine; but Tor 
small representations a moderate illumination ia 
sufficient. 

The mnchine which I have been describing is 
called the magic lantern, to distinguish it from the 
common camera obscura, emploved for representing 
distant objects ; its figure, unnouotedly, has procured 
it the name of lantern, especially as it is designed 
to contaiii light ; but the epithet magic must have 
been an indention of its first proprietors, who wished 
to impress the vulgar with the idea of magic or 
witchcraft. The oriinary magic lanterns, howeTOr, 
are not constructed in this manner, and serve to 
represent no other objects but figures painted on 
glass, whereas this machine may be applied to ob- 
jects of all sorts. 

It may even be employed for representing the 
smallest objects, and for magnifying the representa- 
tion to a prodigious size, so that the smallest fly 
shall appear as large as an elephant; but for this 
purpose the strongest light that lamps can give is 
far from being sufficient; the machine must be dis- 
posed in such a manner that the objects may be iUu- 
miualed by tbe rays of the sun, strengthened by a 
burning-glass : the machine, in this case, changes 

Vol. iI— B b 
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its name, and is called the telar mieroteope. I slul 
haTe occasioD to speak of it moie at large in tlw 

8th Jaimitrv, 1763. 



LETTER tXXXII, 
Um and Effect of a mtpte Comei LeitM. 

W( likewise employ convex lenses for imm«- 
diately looking througb : but in order to explain their 
different usee, we must go into a closer inTestigatioD 
of their nature. 

Having obwrved the focal distance of such ■ 
glHsa, 1 have already remarked, that when the ob- 
ject is very remote, ita image is represented in the 
focus itself; but on bringing the object nearer to the 
lens, the image retires farther and farther from it: 
so that if the diatance of the object be equal to that 
of the focuB of the lens, the image is removed to an 
inRuite distance, and consequently becomes infinitely 
great. 

The reason is, that the lays OM, OM, Fig. 156, 



5/ 



which come from the point O, are relVacted hy Iho 
lens, so as to become parallel to each other, as N F, 
N F : nnd as parallel lines are supposed to proceed 
forward to infinity, and as the imatre is always in 
the place where the rays, issuing from one point 
of the object, are collected again after the refract 
tion ; in the case when the object O A is equal to 
that of the focus of the lens, the place of the fmag» 
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ninfuiitedLstance; ondasitieinditTerent 
whether we conceive the parallel lines N F and N F 
to meet at sn infinite distance to the left or to the 



Pif;. 156. 



being always the same. 

Having made this remark, yoa wiU easily Judge 
wliat must be the place of the image whmi tho »>>. 
ject is brought still nearer to the lens. 

.Let O P, Fig. 156, be the object, 
and Bs ita diatance O A from the con- 
vex lena is less tbui the distance of 
the fiMus, the rays M, M, which 
ftll upon it from the point O, are too 
divergeiit to admit of the possibility 
of ihtiir being rendered parallel to 
each other by the refractive power 
of the lena : they will therefore be 
still divergent after the refraction, as 
m^ced by the lines N F, N F, though 
much less so than before : therefore, 
if iheae lines are produced backward, 
they will meet somewhere at o, as 

SDu may see in the dotted lines N a, 
■ 0. TTie rays N F, N F, will of con- 
sequence, after having passed through 
the lens, preserve the same direction 
as if they had proceeded from the 
point 0, though they have not actn^ly passed through 
that point, as it is onl^ in the lens that they have 
taken this new direction. An eye which receives 
these refracted rays N F, N F, will be therefore af- 
fected as if they really came from the point o, and 
win imagine that the object of its vision exists ai o. 
There will, however, be no image at that point, 
as in the preceding case. To no purpose would 
you put a white tablet at o; it would present no 
picture there for want of rays : for this reason we 
fty thai there is an imaginary image at o, and not » 
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1)eing opposed to that 



an 

ml one— the tenn m 
otrtal. 

NeverthelesB, sn eye placed at E rt 
impreMionasirthe object OP, from which the rays 
originally proceed, existed at o. It is of great ins- 
portance, tlien, to know, ss in the preceding cases, 
the place and the magnitude or this tmagioary image 
op. As to the place, it is sufficient to remark, tlmt 
if the distance of the object A O be equal to the dis- 
Unoe of the focus of the lens, Ihe image will be _at 
an ioOnite diStanee from it ; and this is what tbe 
present case has in common with the preceding ; bat 
the nearer the object is brought to the lens, or the 
less that the distance A becontea than that of Uie 
focus of the lens, the nearer does the imaginary 
image approach to the lens i though, at the same 
time, it remains always at a greater distaDce (torn 
the lens than the object itself. 

To elucidate this by an exam^de, let us suppose 
that the focal distance of the lens is 6 inches ; and 
for Ihe different distances of the object, the an- 
nexed table indicatea the distance of the imaginary 
image o p. 

Ifthtdi 



1 and a fiAh. 

The rule for ascertaining the magnitude of this 
imaginary image o ;> is easy and genenil ; you ban 
only to draw through the middle of the lens, marked 
C, and through the extremity of the object P, the 
■Might line C P;<: and where it meets with the 
lins op drawn from o at right angles with tfa« axis 
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of Ute lena, 700 win have fonud the munitnde of 
the imaginary ima^ op: ftora which it la evident, 
that this image is alwaya greater than the ohject 
P itaelf, as many times as it is farther from the 
leos than the object P. It ia likewise evident 
that Ibis ima^e is not reversed, as in the precedinff 
case, but upnght as the object. 

You will easilv comprehend, from what I have 
said, the benefit that may be derived from lenses of 
this sort, by persons whose sight is not adapted to 
the view of near objects, but who can see them to 
more advantage at a considerable distajice. They 
luve only to look at objects through a convex lens, 
in order to see them as if they were very distaot. 
The defect of sight with respect to near objects 
occurs usuaJly in a«ed people, who consequently 
make use of spectacles with convex glasses, which, 
exposed to the sun produce the effect of a burning- 
glass, and this ascertaina the focal distance of every 
glass. Some persons have occasion for spectacles 
of a very near focus, others of one more distant, 
according to the state of their sight; but it is suffi- 
cient for my present purpose to have given a genr 
eral idea ot the use of such apectacles. 

IlKA January, 1762. 
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Vit and Effect of a Concaot Lem. 

YoD have seen how convex glasses assist the si^ 
of old people, by representing to them objects aa at 
I greater distance than they really are ; there are 
vyea, on the contrary, which, in order to distinct 
Tuion, require the objects to be represented aa 
nearer; and concave glasses procure them this ad- 
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elect ofcDDcaTe leases, which is directlj the ewh 
trary of thai of convex onea. 

WhentheobjeclOP,fi^. 157, jy_. 157. 

is veiy distant, and Its rave OM, 
H, fall almost parallel on the 
concave lens TT; in tbia case, 
instead c^ becoming convergent 
by the refraction of the lens, 
ther, on the contrary, become 
more divergent, pursuing the 
direction N F, N F, which, pro- 
duced backward, meet at the 
point 0; so that an eye placed, 
lor example, at E, receives these 
refracted rays in the same man- 
ner as if they proceeded from 
the point D, tnoogh they really 
proceed from the point O : for 
this reason, I have in the figure 
dott«d the Bttaiglkt lines N o, 

As Uie object is supposed to 
be infinitely distant, were the i 
lens convex the point would be 
what we call the focus ; but as, ii 
there is no real concurrence of rays, we call this 
point the imajfinary focus of the concave lens ; some 
authors likewise denominate it (Ac prnWo/Jup^riion, 
because the rays, refracted by the glass, appear to 
be dispersed h'om this point. 

Concave lenses, then, have no real focus, like the 




n the present case. 



the focal distance of this lens, and serves, by means 
of a nde similar to that which is laid down for con- 
vex tenses, to determine the place of the image, 
when the object is not infinitely distant. Now, this 
image is always imaginary ; whereas in the ease of 
convex lenses, itbecomeaeo only when the object i* 




DMrer than the distance of the focus. Without 
entering into the explanation of this rule, which 
reapecU calculation merely, it is mifficient to re- 
mark:— 

I. When the object O P is inAuilely distant, the 
imaginary image « pia represeated at the focal dis- 
tance of the concave lens, and this, too, on the same 
aide with the object. Nevertheless, though this 
image be imaginmy, the e3^e placed at B is quite as 
much affected by it as if it were real, confonnably 
to the exrdanation given on the subject of convex 
lenses, when the object ta nearer the lens than ita 
focal distance. 

S. On bringing the object O P nearer to the lena, 
its image o p w3l likewise approach nearer, but in 
such a manner that the ima^ will alwaya be nearer 
to the lens than the object is ; whereas, in the case 
of convex lenses, the image is more distant from the 
lens than the object In order to elucidate this more 
clearly, let us suppose the focaTdietsnce of the con- 
cave tens to be 6 mches. 

IfllU Diitamx af lU Otjtcl 
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3. By the aanie rale you may always determine 
the magnitude of the imaginary image o p. Yon 
draw from the middle of the lens a straight line, to 
the extremity of the object P, which will paas through 
the extremity p of the image. For, since the line 



the obfect, this same ray must, after the refraction, 
pass uirough the extremity of the image ; but a* 



. repreeents a ray coming from the extremity of 
«bject,thir ' " 
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this ray PA passes throngfa tiie middle ol the hns, 
it undei^^a no refraction ; therefore it must itself 
pass through the extremity of the imag<B, at tho 
point p. 

4. This iniaae' fs not reversed, but in the same 
position with the object ; and it may be laid down 
as a general rule, that whenever the image fails on 
the same side of the lens that the object is, it is 
always represented upright, whether the lens be 
convex or concave; but when represented o~ " 



.vident therefore that the images repre- 
sentcd by concave lenses are always smaller than the 
objects : the reason is obvious — ^the image is always 
nearer than the object ; you have only to look at 
the figure to be satisfied of this truth. These are 
the principal properties to be remarXed rMpecting 
the nature of concave lenses, and the manner in which 
objects are represented by them. 

It is now easy to comprehend how concave gtaases 
may be rendered essentially serviceable t« persons 
whose sight is short. You are ac(}uainted with some 
who can neither read nor write without bringing the 
paper almost close to their nose. In order, therefore, 
to their seeing distinctly, the object must be brought 
very near to the organ of vision : I think I have for- 
merly remarked that such persons are denominated 
myopes. Concave lenses, then, may be made of great 
tise to them, for they represent the most distant ob- 
jects as very near ; the image not being farther from 
snch glasses than ibeir focal distance, which, for the 
most part, is only a few inches. 

These images, it is true, are much smaller than 
the objects themselves ; builhis by no means prevents 
distinctness of vision. A small object near may 
appear greater than a very large body at a distance. 
In Cu:t, the bead of b pin appears to the eye groatsr' 
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than a star in tke hesTeiu, tbou^ that atar fiu: ex- 
ceed* the earHi in magnitude. 

P«raoiis wboee aifffit is ahort, or myoptt, have 
occasion, then, for glasaes which repreaent objects 
as nearer; auch are concave lenM*. And Uiose 
whole airht ia long, or praiyfcf, need convex 
^ames, which repreaeat to them objects at a graatef 
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AfienMUpM in geiural. 

I HivR been remarking, that myapu are obli^ 
o make nae of concave ^aoaes to aeaiet their viaion 



of distant objects, and that pretbt/la emplov convex 
glaasea in order to a more distant vision of auch as 
are near : each sight has a certain extent, and each 
requires a glass which ahall re[Heaent objects per- 
fectly. This distance in the myopet is very small, 
and m the preiiyUi very great ; but there are eyes 
so hiqipily conformed as to see nearer and more 
distant objects equally well. 

Nevertheless, of whatever nature any penon'a 
sight may be, this distance is never very small: thera 
is no myope capable of seeing distinctly at the dis- 
tance orless than an inch ; you must have observed, 
that when the object is brought too close to the ejre, 
it has a very confuaed appearance ; this depends on 
the structure of the organ, which is sgch in the bu- 
mtn species its not to admit of their seeing objects 
very near. To insects, on the cootrary, very distant 
objects are invisible, while they easily see such as 
ai« searer. I do not believe that a fly is capable of 
seeing the stars, because it can see extremely well 
at the distance of the tenUt part of an inch, a dia- 
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tance at which thelminan eye can diatiiiKauh ^mo- 
lutely nothing. This leads me to an ezi^anation of 
the microscope, which represents to ua the smallest 
object as irit were very great. 

In order to convey a just idea of it, I must entreat 
yon carefully to distin^ish between the apparent 
and'the i«al magnitude ofeverr object. Real m^- 
nitude constitutes the object or geometry, and is in- 
Tori able as long as the bodyremains in the same state. 
But ^parent magnitude admits of infinite vatie^, 
thougn the body may remain always the same. Tbe 
stars, accordingly, appear to ua extremely amall, 
though their real magnitude is prodigious, 'because 
we are at an immense distance m>m them. Were 
it possible to spproach them, tiiey would appear 
greater; from which you will conclude that the ap- 
parent magnitude depends on the angle formed in our 
eyes by the rays which proceed from the extremiUea 
of the object. 

Let P Q, F^. 158, be the object of Fig. 166. 
vision, which, ilthe eye were placed 
at A, would appear under the angle 
P A Q, called the visual angle, and 
which indicates to us the apparent 
magnitude of the object; it is evident, 
on inspecting the figure, that the fai^ 
ther the eye withdraws from the ob- 
ject, the smaller this angle becomes, 
and that it is possible for the greatest 
bodies to appear to na under a very 
small visual angle, provided our dis- 
tance from them be very great, as is 
the case withlhestars. But when the 
eye approaches nearer to the object, 
and looks at it from B, it will appear 
under the visual angle P B Q, wnich 
isevidentlygreater thanPAQ. Let the eye advance 
still forward to C, and the visual anrie P C Q is still 
greater. Furtiier, the eye being ^aced U D, Ifao 
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visual angle will be P D Q ; and on adfanciiw for- 
ward to B, tlie visual angle will be F E Q, alWaya 
plater and greater. The nearer, therefore, the eye 
KpproBcbee to tbe object, the more the visual angle 
increases, and cDnsequentlv likewise the apparent 
magnitnde. However amaU the object may be, it is 
poBsible, therefore, to increase its apparent magnitade 
at pleasure ; you have only lo bring it so near tbe 
eye as is necessary to form such a visual angle. A 
fly near enough to the eye may, of consequence, 
appear under an angle as ^eat as an elephant at 
the distance of ten feet. In a comparison of this 
sort, we must talce into the account the distance at 
which we suppose the elephant to be viewed; un- 
less this is done, we affirm absolutely nothing; for 
an elephant appears great only when we are not 
very far from it; at the distance of a mile, it would 
be impossible, perhaps, to distingush an elephant 
from a pig ; and, transported to the mocn, he woidd 
become alwolutely invisible ; and I might affirm 
with truth, that a fly appeared to me greater than 
an elephant, if the latter was removed to a very 
considerable distance. Accordingly, if we would 
express ourselves with precision, we must not 
apeak of tho apparent maj^itude of a body, without 
taking distance likewise into the account, as tiie 
same body may appear very great or very small ac- 
cording aa its oistance is greater or less. It is very 
easy, then, to see the smallest bodies under veiy 
great visual angles ; they need only to be placed 
very cIom to the eye. 

This expedient may be well enough adapted to s 
fly, but the human eye could see nothing at loo 
•mall ft distance, however short the sight may bo ; 
besides, persons of the best sight would wish to see 
likewise the smallest objects extremely mRgnified. 
The tbiag req^uired, then, is to And the means of en- 
abling us to view an object distinctly, notwitlistand- 
ing its great proximity to the eye. . Convex lenses 
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render db this service, hy romoring the image of dth 
jecta wtiich are too near. 

Let a Ter^ small convex lens M N be employed, 

Fig. IMithefocaldistaDceofwhicliBhaUbeliBlf an 

Fir. 169. 



Fig.l 



inch i if yon place before it a small object P, at a 
distance somewhat less than half an inch, the lens . 

will represent the image of it a ^, as far ofT as could 
be wished. On placing the eye, then, behind the 
lens, the object will be seen as if it were at o, and at 
a sufficient distance, as if its miiimitude were o p -. 
aa the eye ia supposed very near the lens, the visual 
an^le will be p l o, that is, the same as P t 0, under 
which the naked eye would see the object O P in 
that proximity ; but the vision is become distinct by 
means of the lens : such ia tho principle on whim 
microscopes are constructed. 
I9th January, 1703. 



LETTER LXXXV. 

EttimatMn of Ae Magnitude of ObjecU vitutd thnmgh 
the Microscope. 

Wnait several persons view the same ot^eet 
through a microscope, the foot of a fiy, for example, 
they all agree that Ihey see it greatly magnified, tat 
tbeiT judgment respecting the rent magnitude will 
vary ; one wiO say, it appears to him as large as that 
of a horse ; another, as that of a goal ; a third, as 
Uiat of acat. No one then advauces any thingpoai- 
tive on the subject, unless he adds at what distance 
he riews the feet of the horse, the goat, or the ott. 
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They bH mean, therefore, without expressing H, a 
certaiD distance, which is undoubtadty different ; con* 
mqnently, there is no reason to be nrprised at the 
variety of the judgments which they pronouBCe, as 
the foot of a horse viewed at a distance, may retj 
wen appear no bij^er than that of a cat viewed near 
to the eve. Accordingly, when the question is to 
be deciaed. How much does the microscope mag- 
nify an object * we must accustom ourselree to a 
more accurate mode of expression, and particiilariy 
to specify the distance, in ttie comparison which we 
mean to institute. 

It is improper, therefore, to compare the appear- 
ances presented to us by the microscope with objects 
of another nature, which we are accostomed to view 
sometimes near and sometimes at a distance. The 
most certain method of regulating this estimation 
seems to be that which is actually employed by an- 
thoTB who treat of the microscope. They compare 
B small object viewed through the microscope with 
the appearance which it would present to the naked 
eye on being removed to a certain distance; and 
thev have determined, that in order to contemplate 
such a small object to advantage by the naked eye, 
it ought to be placed at the distance of eight inches, 
which is the standard for good eyes, for a short- 
sighted person would bring it closer to the eye, and 
one far-sighted would remove it. But this difference 
does not affect the reasoning, provided the regulating 
distance be settled ; and no reason can be assigned 
for fixing on any other distance than that of eight 
inches, the distance received by all nuthore who 
hftve treated of the subject. Thus, when it is said 
that a microscope ma^ifies the object a hundred 
times, yon are to understand that, with the assist- 
ance of such a microscope, objects appear a hundred 
times greater than if you viewed them at the dis- 
tance of eight inches ; and thus you will form a just 
idea of the effect of a microscope. 

Vol. II.— C c 
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In general, a microroope inBgnides as manjr Umw 

as an object appears larger than if it were viewed 
without the aid or the slass at the distance of eight 
inches. You will readily admit that the effect is 
surprising, if an object is made to appear even a 
hundred times greater than it would to the naked 
eye at the diatance pf eight inches; but it has been 
carried much farther ; and niicroscopes hare been 
constructed which magnirj five hundred times — a 
thing almost incredible. In such a case it might be 
with truth afiinned that the leg of a fly appears 
greater than that of anelenhant. Nay, 1 have full 
conviction that it is possiole to construct micro- 
scopes capable of magnifying one thousand, or even 
two thousand times, which would uiuloubtedly lead 
to the discovery of many things hitherto unknown. 
But when it is affirmed that an. object jr;. i5(j_ 

ajipears through the microscope a hundred ^^ ' 

times greater than when viewed at the dis- 
tance pf eight inches, it. is to be under- 
stood that die object is magnified as much 
in length as in breailth and depth, so that 
each of these dimensions appears a hundred 
timea greater. You have only, then, to 
conceive at the distance of eight inches 
anotherobject similar to the first, but whose 
length is a hundred times greaiet, as well 
as its breadth and depth, and such will be 
the imsge viewed through the microscope. 
Now, if the length, the breadth, and depth 
of an object be a hundred times greater , 
than those of another, you will easily per- 
ceive that the whole extent will be much a — p 
more than a hundred times greater. In 1 \ • 
order to put this in the clearest light, let J L 
OS conceive two paraUelograms A B C D, 
and E F G H, fig-. 160, of the same breadth, but that 
tbe length of the first, AB, shall be five times greater 
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than the length of the other, E F ; it is evident that 
the area, or apace contained in the first, a Bre 
times greater than that contained in the other, as 
in fact this last is contained five times in the first. 
To render, then, the parallelogram A D five times 
greater than the parallelo^m E H, it is sufficient 
that ita length A B be five times greater, the breadth 
-being the same ; and if, besides, the breadth were 
likewise five times greater, it would become five 
timet! greater still, that is, Ave times five times, or 
twenty-five times greater. Thus, of two surfaces, 
if the one be five times longer and five timea 
broadet than the other, it is in fact tweniy-five times 
greater. 

If we take, further, the height or depth into the 
account, the increase will be still greater. Conceive 
.two apartments, the one of which is five timea 
longer, five times broader, and five times higher 
than the other ; its contents will be five times 35 
times, that is, 125 times greater. When, therefore, 
it is said that a microscope magnifies 100 times, as 
this is to be understood, not oiuy of length, but of ' 
breadth, and depth, or thickness, that is, of three 
dimensions, the whole extent of the object trill be 
increased 100 times 100 times 100 times ; now 100 
times 100 make 10,000, which taken again 100 limes 
make 1,000,000 ; thus, when a microscope magnifies 
100 times, the whole extent of the object is repre- 
sented 1,000,000 times greater. We satisfy our- 
selves, however, with saying that the microscope 
magnifies 100 limes ; but it is to be understood that 
all the three dimensions, namely, length, breadth, 
and depth, arc represented 100 limes greater. If, 
then, a microscope should magnify 1000 times, the 
whole extent or the object would become 1000 
tiroes 1000 times 1000 times neater, which makes 
1,000,000,000, or a thousand mUliona : a most aston- 
iihiog effect! This remark is necessary to tbe 
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fonmtion of a just idea of what ia said nafeOiag 
the power of microscopes.' 
33d Jmuary, 17es. 



LETTER LXXXVl. 

f^nJamenltil PropotUiotifbr (A« CaiutmeUon of SimfU 
Jitieroteopa. Jton of tame BimfU Mienieopti. 

HiTiNo explained in what manner we are «Dab1ed 
to Judge of the power of microscopes, it will i>e easjr 
to unfold the fundamental principle for the con. 
Btruction of simple microscopes. And here it msT 
be necessary to remark, that Iherw are two kinds 
of microscopes; some consisting of a single lens, 
other? of two or more, named, accordingly, simple 
or compound microscopes, and which reouire par- 
ticular Qlncidations. I shall confine myself at pros. 
ent to the simple microscope, which consists of a 
single convex lens, the effect of which is determined 
by the following proposition ; A timple microtcopt 
magnifies at many twttt ai its focai ditlmee it ntarer 
than eight inehes. The demonstration follows. 

Let M N, Fig. 161, be a con- jrv_. 151 

vex lens, whose focal distance, p. ^' 
at which the object P must 
be placed nearly, in order that , 



l::-^ 



the eye may see it distinctly, 

shall be C ; this object will V ^ 

be perceived under the angle " 

C P. But if it be viewed at the distance of eight 

inches, it would appear under an angle as many times 

smaller as the distance of eight inches surpassei 

• AilliiUiHnir«lT<l»«tir*easrbafiHlliuli prantad Isik* 
4r% k ■» In •iBMMnd wtaitac ita mcisuvh^ mnr 1 ■ Dim. 
•csfn nibi ID IH w^iuuilu ihiihci nit iWn ibiiortlui Maara; 
ttHiiru mrtuy IMuimln l«iili, lb* oUect will umw lUKM 
lll^IiMvA«BIBtteukldgT&— IhlU. 
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the distance C O: the object will appeu, therefore, 
at) many times areater than if it were viewed at the 
distunce of eight inches. Now, in conformity to 
the rule already established, a microscope magnifles 
a« maay times as it presents the ohject ^ater then 
if we viewed it at the distance of eight inchee. 
Coiuequently, a microscope mwnilies as many 
times aa its focal distance is less than eight inches. 
A lens, therefore, whose focal distance is an inch 
will magnify precisely eight times ; and a lens whose 
focal distance ie only half an inch wiU magnify' sis* 
(eon times. The inch is divided into twelve parts, 
called lima ; half an inch, accordingly, contains six 
lines : hence it would be easy to determise how 
many times every lens, whose focal distance is given 
in lines, must magnify ; accordhig to the following 
t«ble:— 

Focal distance of the lens in lines. 

13, B. 6, 4, 3, 3, I, i lines, 
magniSes B, 13, 16, S4, 39, 4S, 9S, 193 times. 

Thus a convex lens whose focal distance is one 
line magnifies nittety-nx tinua; and if the distance 
be half a line, the microscope will magnify one hwt- 
dred and niitett/Hwa, that is, near two hundred times. 
Were greater effect still to be desired, lenses must 
be constructed of a still smaller focus.* Now, it 
has been already remarked, that in order to con* 
struct 8 lens of any certain given focus, it is only 
necessary to make the radius of each face equal to 
that focal distance, so that the lens may become 
equally convex on both sides. I now proceed, then, 
to place before you, Fig. 163, the form of some of 
these lenses or microscopes ; — 

No, I. The focal distance of this lens A is one 
inch, or twelve lines. This microscope, therefore, 
magnides eight times. 

* LauiH hin been (nand ud poUited luTlna only ■ Iboil leagih if 
•u-UUtUi or u knell, cadHqneDIlT thair D*(iilQ1n| poww fi ¥» 

Cc9 
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No. II. IV focal distance of the Fig. IBS. 
lens M N is eight lines. This piicro- , ii_^ 

scope magnilies twelve times. i J^^ 

No. III. The focal distance of the " Tt^ 
lens M N is six lines. This micro- 



scope magnifies sixteen times. 

No. IV, The focal distance of tiuB TjoTa. 
lensia four hnes; and such a micro- A~~z4^ 
scope magBifies twenty-four times. p/r'^-x: 

No. V. The heal distance here is i-Tfi^ 

three lines. This microscope magni- r^X 

fies thirty-tiro times. M ^ 

No. VI. The focal distance here is ^'S^ 

two lines. This microscope magni- 'l^ 

fie« forty-ei^t times. ^^ 

No. VII. The focal distance of this '^ 

lena is only one line ; and such a microscope mag- 
nifies ninety-six times. 

It is possible to construct microscopes still much 
smaller. They are actually executed, and much 
more considerable effects are produced ; whence it 
must be carefully remarked, that the distance of the 
object from the glass becomes smaller and smaller, 
as it must be nearly equal to the focal distance of 
the lena. I say nearly, as every eye brings the glass 
closer to it somewhat more or less, according to its 
formation ; the short-sighted applv it closer, the for- 
sighted less so. You perceive, then, that the efTect 
ii greater as Uie microscope orlens becomes smaller, 
and the closer likewise the object nust be applied: 
this is a very great inconvenience, for, on the one 
hand, it ta troublesome to look through a glass so 
very small ; and, on the other, because the object 
must be plac^ so near the eye. Attempts have 
been made to remedy this inconvenience by a proper 
mounting, which may facilitate the use of it ; but the 
vision of the object is considerably distarbed as soon ' 
u the distance of it undergoes the slightest change : 
and u in the case of a very amall lens the object must 
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almOBt touch it, wbenerer the sniface of the otject 

la in the least degree unequal, it is Been but ^^ ,„ 
(ionfusedly. For, while the eminenceB are *' 
viewed al the just distance, the cavities, ' fii 
beirw too far removed, must be seen very 
cooflMedly. This renders it necessary to 
la^ aside simple microscopes when we 
"""'• ' — lagnily verycouBiaerably, and to 
to the ( 



have recourse 
ACDpe. 
sen 



} compound micro- 
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LETTER LXXXVn. 

UnuU and Defect* of th« Sm^t Microieope. 

You have now seen how simnle micro- 
!ficopes may be. constructed, wnich shall 
fnagnify as many times as may be desired ; 
you have only to measure off a straight Une 
of eight inches, like that which I have 
marked A B,* Fig. 163, which contains 
precisely eight inches of the Hhenish foot, 
which is the standard all over GermaDy. 
This line A B must then be subdivided 
into as many equal parts as correspond to 
the number of times you wish to maEnify 
the object proposed, and one of these 

Carta will give the focal distance of the 
ins that is requisite. Thus, if you wish 
to magnify a hundred times, yon must 
take the hundredth part of the line A B; 
consequently, you must construct a lens 
whose focal distance shall be precisely 
equal to that part A i, which will give, at 
the same time, the radius of the surfaces 



■I MfUi t* aqpkTcd, arib 
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of the lens represented in No. VII. of the preceding; 
flgure. Hence it is evident, that the greater the 
effect we mean to produce, the smaller muat be the 
lens, as well as the focal distance at which the object 
O P must be placed before the lens, while the eye is 
applied behind it ; and if the leas were to be made 
twice smaller than what I have now described, in 
order to magnify two hundred timeB, it would be- 
come so minute as almost to require a microscope 
to see the lens itself; besides, it would be neces* 
sary to approach so close as almost to touch the 
lens, which, as I have already observed, would be 
very inconvenient. The effect of the microscope, 
therefore, could hardly be carried lieyond two hun- 
<lred times; which is by no means sufficient for the 
investigation of many of the minuter productions 
of nature. The purest water contains small ani- 
malcules, which, though magnified two hundred 
times, still appear no bigger than fleas ; and a mi- 
croscope which should magnify 90,000 times would 
be necessary to magnify their appearance to the siie 
of a rat; and we arefarfrora reaching this degree, even 
with the assistance of the compound microscope.* 
But besides the inconveniences attending' the use 
of simple microscopes which have been already 



pointed out, all those who employ them with a 
to very great effect complain of another com 
able defect ; it is this — tne more that objecla a 



magnilied, the more obscure they appear ; they seem 
as if viewed in a very faint light or by moonlight, so 
that you can hardly distinguish any thing clearly. 
You will not be surprised at this, when you recol- 
lect that the light of the fuU moon is more than 
two hundred thousand times fainter than that of the 
sua. 
It is of much importance, therefore, to explain 
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vhenca this diminution of ligfat proceeds. We can 
«aeily comprehend, that if ttie rnys which proceed 
from a very small object must represent it to us as 
if it weie much larger, this small quantity of light 
would not be sufGcient. But however weU founded 
this reasoning may appear, it wants solidity, and 
throws only a false liglit on the question. For if 
the lens, as it proceeded in magnifying, necessarily 
produced a diminution of clearness, this must like- 
wise be. perceptible in the smallest effects, even 
taippo^ng it were not to so high s degree ; but you 
may magnify up to fifty t^nes, without perceiving 
the least apparent diminution of 4ight, which, hoir- 
ever, ought to be fiflv times fainter, if the reasons 
adduced were just. We must look elsewhere, then, 
for the cause of this phenomenon, and even resort 
to the first principles of vision. 

1 must entreat vou, then, torecoUect what I have 
already suggested respecting the use of the pupil, or 
that black aperture wnich we see in the eye at the 
middle of the iris. It is through this aperture that 
the rays of light are admitted into the eye ; accord- 



nhich objects are very luminous and brilliant, and 
in which they are illuminated by only a veir faint 
light. In the first, the pupil contracts of itself, withr 
outanractof the will; and the Creator has bestowed 
on it this faculty in order to preserve the interior of 
the eye from the too dazzling effect of light, which 
would infallibly injure the oenes. Whenever, there- 
fore, we are exposed to a very powerful light, we 
observe that the pupil of every eye contracts, to 
prevent the admission of any more rays into the eye 
than ace necessair to paint in it an image sofBcienuy 
Inminous. But the contrary takes place when we 
are in the dark ; the pupil in that case expands, to 
admit the light in a greUer quantity. This change 
ji easily perceptible every time we pass from ft dark 
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to a luminous situation. With res^Kct to the subject . 
belbre us, 1 confine myself to this circumstance, that 
the more raysof liglit are admiited into the eye, the 
more luminous will be the image transmitted to the 
retina ; and reciprocally, the smaller the quantity of 
raya which enter the eye, the fainter does the image 
become, and, consequently, the more obscure does 
it appear, it may happen, that though the pupil is 
abundantly expanded, a few rays only shall be ad* 
mitted into the eye. You have only to pnck a little 
hole in a card with a pin, and look at an object 
through it ; and then, however strongly illuminated 
by the eun, the object will appear dark in propor- 
tion as the aperture is small; nay, it is possible to 
look at the sun itself, employing this precaution. 
The reason is obvious, a few rays only are admitted 
into the eye ; however expanded the pupil may be, 
the pin-hole in the card determines the quantity of 
light which enters the eye, and not the pupil, wtiich 
usually performs that function. 

The same thing takes place in the microscopes 
which magnify very much ; for when the lens is ex- 
tremely small, a very few rays only are transmitted, 
as m ti, J''i^. 165, which being smaller than jpig. 165. 
the aperture of the pupil, make the object ^.^ 

appear so much more obscure ; hence it ia cH^^r 
evident that this diminution of light takes ™ 
place only when the lens M N, or rather its open 
part, ia sm^ler than the pupil. If it were possible 
to produce a ^eat magnilying effect, by means of a 
greater lena, this obscurity would not take place ; 
and this is the true solution of the question. In 
order to remedy this inconvenience m the great 
effects of the microscope, care is taken to illumi- 
nate the object as strongly as possible, to give greater 
force to the few rays which are conveyed into the 
eye. To this eDect objects are illuminated by the 
eun itself; mirrora likewise are employed, whidi 
reflect en them tke light of the stm. These aN 
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nearljr bU the circuniitBnces to be considered re. 
specting the simple microscope, and hy these you 
will easily form a judgment or the effect of all those 
which you may have occasion to inspect.* 
30rh January, 1769. 



LETTER LXXXVIII. 
(hi Tehteopes, and their I^fftet. 

Bipou I proceed to explain the construction of 
compound microscopes, s digression respecting the 
telescope may perhaps be acceptable. These two 
instruments have a very intimate connexion; the 
one greatly assists the elucidation of the other. As 
tnicrOBCopes serve to aid ua in contemplating nearer 
objects, by representing them under a much greater 
angle than when viewed at a certain distance, say 
eight inches ; so the telescope is employed to assist 
our observation of very distant objects, by repre- 
senting them under a greater angle than that which 
they present to the nated eye. Instruments of this 
sort are known by several names, according to their 
size and use ; but they must be carefully distinguished 
from the ghisses used by aged persons to relieve the 
decay of sight. 

A telescope magnifies as many times as if repre- 
sents objects under an anele greater than is pre- 
sented to the naked eye. The moon, for eiample, 
appears to the naked eye uniier an angle of half a 
degree J consequently, H telescope magnifies too times 
when it represents tne moon under an angle of fifty 
degrees, which is 100 times greater than half a de- 
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^ee. If it magnilied 300 times, it would repreoent 
the moon under an angle of one hundred degrew ; 
and tlie moon would in that case appear to fill more 
than half of the visible heavens, whose whole extent 
is only 180 decrees .• 

in common langua^, we aay that the telescope 
brings ihe object nearer to us. This is a veiy equi- 
voc^ mode of expression, and adquits of two different 
significations. The one, that on looking through a 
telescope, we consider the object as many times 
nearer as it is magnified. But 1 have already re- 
marked, thai it la impossible to know the distance of 
objects but by actual measurement, and that aucb 
measurement can be applied only to objects not 
greatly remote ; when, therefore, they are so remote 
as is here supposed, the estimation of distance mi^ht 
greatly mislead ua. The other si^ification, which 
conveys the idea that telescopes represent objects as- 
great as they would appear if we approached nearer 
to them, is more conformable to truth. You know 
that the nearer we come to any object, the greater 
becomes the angle under which it appears ; this 
explanation, accordingly, reverts lo that with which 
I set out. When, however, we look at well-known 
objects, say men, at a great distance, and view them 
through a telescope under a much greater angle, we 
are led to imagine such men to be a great deal nearer, 
as in that case we would, in effect, see them under 
an angle so much oreater. But in examining ob- 
jects less approachable, such as the sun and moon, 
no measurement of distance can take place. This 
case is entirely different from that which I have for- 
merly submitted to you, that of a concave lens, em- 

• "nie mn^tfyirff power i% tMeArtuiwd bT mpftwrlii^ ihe Anvrtorv 
«f tbe obto^L-^BH*. and ihw oribe llilla Imaga or« which in Ibrnwdar tta 
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tiiujcu by near-sighted persons, which refn^sents 
be images of objects at a very small distance. The 
concave lens which lose, for example, represeotr to 
me the images of all remote objects at the distance 
of four inches ; it is impossible for me, however, to 
imagine that Uie snn, moon, and stars ate so near; 
accordingly, we do not conclude that objects are 
where their images are found represented 1^ glasses ; 
we believe this as little as we do the existence erf 
objects in our eyes, though flieir images are painted 
there. You will please to recollect, that the esti- 
mation of the real distance und resl magnitude of ob- 
jects depends on particular circumstances. 

The principal purpose of telescopes, then, is to 
increase, or multiply, the angle under which objects 
appear to the naked eye ; and the principal division of 
telescopes is estimated by the efTect which they pn>- 
cure. Accordingly, we say such a telescope maeni- 
fles five, another ten, another twenty, another thirty 
times, and so on. And here I remark, that pochet- 
glasses rarely magnify beyond ten times; but the 
usual telescopes employed for examining very dis- 
tant terrestrial objects magnify from (HXfn/y to tliirty 
times, and their length amounts to six feel or mc««. 
A similar effect, thoui^h very considerable witii 
regard to terrestrial objects, is a mere nothii^ with 
respect to the heavenly bodies, which require an 
effect inconceivably greater. We have, accocdiagly, 
astronomical telescopes which magnify from SO 
to SOO times ; and it would be difficult to pi further, 
as, according to the usual mode of constructing 
them, the greater the effect is the longer they 
become. A telescope that shall magnify 100 times 
must be at least 30 feet long: and one of 100 feet 
in length could scarcely magnify 300 times. You 
must be sensible, therefore, that the diff'cultv of 
pointing and managing such an unwieldy niacnine, 
must oppose insurmountable obstacles to pushing 
the experiment further. The famous Heveliusi the 
Vol. 11.— D d ' 
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utronomer at Dantztc, employed telescopes 300 
feet long ; but such instruments must undoubtedly 
have been very defective, na the same things are 
now diacoverea by instruments much shorter. 

This is a brief general description of telescopes, 
and of the different kinds of tnem, which it is of 
fanportance carefully to remarli, before we enter into 
a detail of their construction, and of the manner in 
which two or more lenses- are united, ia order to 
produce all the different effects. 

U February, 1763. 



LETTER LXXXIX. 
Of Ptcktt-gldS3tt. 

We have no certain information respecting thb 
person to whom we are indebted for the discovery 
of the telescope ; whether he were a Dutch artist, or 
an Italian of the name of Porta.* Whoever he was, 
it is almost one hundred and fifty years since small 
pocket-glasses were first constructed, composed of 
two lenses, of which the one was convex, and the 
other concave. To pure chance, perhaps, a disco- 
very of BO much utility is to be ascribed. It was 
possible, without design, to place two lenses nearer 
to or farther from each other, till the object appeared 
distinctly. 

The convex lens PAP, Fig. 166 is directed towards 
J^. 166. 
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the object, and the eye is applied to the concave 
lenB Q B Q ; for which reason, the lens P A P ii 
named the olqta-glass, and Q B Q the eye-glatt. 
These two tenses are disposed on the same axia 
A B, perpendicular to both, and passing through their 
centres. The focal distance of the convex lena 
PAP must be greater than that of the concave ; and 
the lenses must be disposed in sHch a manner, that 
if A F be the focal distance of the objective PAP, 
the focus of the eye-^aaa Q Q B most fall at the eame 
point F ; accordingly, the interval between the leosei 
A and B is the difference betneen the focal dis- 
tances of the two lenses, A F being the focal distance 
of the object-glass, and B F that of the eye-glass. 
When the lenses are arranged, a petwa with good 
eyes will clearly see distant objects, which will ap- 
pear as many times greater as the line A F ia greater 
than B F. Thus, supposing the focal distanceof the 
object-glass to be six inches, and that of the eye- 
glass one inch, the object will be magnifled six times, 
ox will appear under an angle six times ^realer than 
when viewed with the naked eye \ and, in Hiis case, 
the interval between the lenses A, B will be five 
inches, which is, at the same time, the length of the 
instrument. There ia no need to inform yon that 
these two lenses are cas^d in a, tube of the same 
lenfflh, though not thus represented in the figure. 

Having shown in what manner the two lenses are 
to be joined together, in order to produce a good 
instrument, two things must be explained to you; 
the one, How these lenses come to represent objects 
distinctly ; and the other, Why they appear magni- 
fied as many times as the line A F exceeds the line 
B F. With respect to the first, it must be remarked, 



considered as parallel to each other. 

Let us consider, then, a point V, Fig. 187, in the 
object towards which the instrument is directed, and 
on tba siippoBJtioti of its being very diatant, the t«%% 
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whichWlontheol^ct-glaasPQ.OA, Fig. IB7. 
P Q, wil] be almost parallel to eat ' 
other; AccoiAiagly, the object-glas , 
Q A Q, beins a convex lens, will collect 
them in its focus F, so that these rays, 
beingconrergsDl, will not Buit asc ~ ' ' 
eye. But the concave lena at B, h 
tag the power of rendering the rays 
more divergentfOiof diminiBhing the ir 
convergency, will rerract the rays Q R, 
Q R, so that they shall become parallel 
ta each other; that is, instead of meet- 
ing in the point F, they will assume the 
direction R S, R S, parallel to the axis 
B F, Thus tS'OO'l ^c< according to 
which the constniction of these is 
always regulated, on receiving these 
parallel rays R S, B F, R S, will see 
the object distinctly. The rays R S, R S become 
exactly parallel to each other, because the concave 
lens has its focus, or rather its point of dispersion, at F. 

You have only to recollect, that when parallel 
Tays fall on a ooocave lens, they become divergent 
by refraction, so that beins produced backward, they 
meet in the focus. This being laid down, we have 
only to reverse the case,, and to consider the rays 
S R, S R, as falling on the concave lens : in this case 
it is certain they would assume the directions R Q, 
B Q, which produced backwards would meet in the 
point F, which is the commou focus-of the convex 
and concave lenses. Now it is a general law, that in 
whatever manner rays are refracted in their passage 
from one place to another, they must always undergo 
the same refractions in returning from the last to the 
first. If, therefore, the refracted rays R Q, R Q 
correspond to the incident rays S R, S R; then, re- 
ciprocally, the rays Q R', Q R, beinz the incident ones, 
the refr^ted rays will be R S and R S. 

The matter will perhaps appear in a clearer light 
«till. irtien 1 sav that concave lenses hue the power 
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or rendering parallel those ra^ which, without th« i»- 
fraction, would proceed to their focuB. You will plettM 
carerully to attend to the following laws of reinctioii, 
which apply to both convex and concave lensea. 
Fig. 168. 
I. By R convex 
lens, Fig. 168, paral- 
lel rays are rendered 
convergent. 



ConverKent rays became 
stilt more so, Fig. 169, and 
diveffrait less divergent. 



Fig. 109. 



rarallel rays are rendered - 
diveigeni "" ''' 






Fig. 170. 



f^. 171.- 




Divergcnt rays be- 
come still more diver- 
gent. Fig. 171, and 
convergent rays less 
conve^ent. 

All this is founded on the nature of refraction and 
the figore of the lenses, the discussion of which 
would require a very long detail; but the two rules 
which 1 have now laid down contain all that is 
essential. It is abundantly evident, then, that wheft 
Ihe convex and the concave lenses are so combined 
that they acquire a common focus ai F, they will 
distinctly represent distant objects, because the 
parallelism of the rays is restored by the ci 
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Tergent. In other words, the rays of very distant 
objects, beiog nearly parallel to each other, become 
.convergent by a convex lens; and afterward, the 
GODcave lens destroys this conversency, aod again 
renders the rays parallel to each outer. 
«tA Ftbrwry, 1763. 



On tie magnifying Pouier of Poeket-glatttt. ' 

Tai principal article 'respecting' telescopical in- 
stniraents remains still to be explained, namely, their 
effect in magnifying objects. I hope to place this in 
BO clear a light ae to remove every difficulty in which 
the subject may be involved; and for this purpose I 
shall comprise, what 1 have to say in the following 
propositions. 

1., Let B e, Fig. 172, be the object. Fig. 172. 
situated on the axis of the instrument, 
which pawes perpendicularly through both 
lenses tn their AentreH. "This object B e 
must be considered ae at an infinite dia- 

8. If, then, the eye, placed at A, looks 
at this otyecl, it will appear under the 
aiQle E A e, called its visual angle. It 
viU, accordingly, be necessary to prove, 
that on looking at ihe same abject through 
the glass it will appear under a greater i 
angle, and exactly as many times greater 
as the fgcal distance of the object-glasa 
Pap exceeds that of the eye-glass 
QBQ. 

3. As the effect of all lenses consists ■ 
in representing the objects in another i 

Elace, and with a certam magnitude, we 
ave only to examine the images which 'j 
4liall be successively represented by the 




poipiT-OLUiu. 3ig 

two tenses, the Uat of which is the iramediate ob- 
ject of the Bi^t of iha person, who looks through 
tiie instniroeiit. 

4. iNaw, the object E t being inlinitely distant from 
the convex lefis P A P, its image will be represented 
behind the lens at F/, so that A F shall be equ^ to 
the focal distance of the lens; and the magnitude 
of this image F f is detennined by the straight line 
/ A «, drawn from 'the extremity of the object e, 
through the centre of the leua A, by which we see 
that this image is inverted, nnd as many times 
smaller than the object as the distance A F is amaller 
than the distance A E. 

ft. Again, this image F/ holds the place of the 
object relatively to the eye-glass Q B Q, as the rays 
which fall on this lens are precisely those which 
would almost form theimageF/, but are intercepted 
in their progreBs by the concave lens Q B Q ; so 
that this image is only imaginary; the effect, how- 
ever, is the same as it it were real. 

6. This image P /i which we are now consider- 
ing as an object bemg at the local distance of the 
lens Q B Q, will be transported almost to infinity 
ly^the refractionof this lens. The preceding figure 
marks this new image at G g, whose distance A G 
must be conceived as infinite, and the rays, refractM 
a second time by the lens Q B <]. will pursue the 
same direction as if they actually proceeded from 
the image G g. 

7. This second image G g being, then, the object 
of the person who looKs through the instrument, its 
magnitude falls to be considered. To this effect, 
aa It is produced by the first image F/ from the 
refraction of the lens Q B Q, followine the general 
rule, we hare only to draw through the centre of 
the lens B a stroi^t line, which shall pass through 
the point / of the first image, and that line will 
merit at g the eslremily of the second image. 

e. Let the spectator now apply his eye to B ; 
and SB the isys which it leceives pursue the samo 
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direction as if they actually proceeded from tbs 
image G g, it will ^pear to him under the angle 
G B ?, which ia greater than the angle E A r, under 
which the object R e appears to the naked eye. 

9. Id order the better to compare Iheae two an- 
gles, il is evideQt, first, that the anele E A e is equal 
to the angle FA/, being vertical angles; for the 
same reason, the angle G B jr ia equal to the angle 
F B /. being vertical and opposite at the point B, 
It remains to be proved, therefore, that the angle 
F B / exceeds the angle F A / aa many times as 
the line A F exceeds the line B /; ihe former of 
which, A P, ia the focal distance of the object-glasa, 
and the other, B F, the focal distance of the eye- 
glass. 

10. In order to demonstrate this, we must Jisve 
recourse to certain geometrical propositions respect- 
ing the nature of aectora. You will recollect that 
the aector is part of a circle contained between two 
radii C M and C N, Fig. 173, and j^>. j78. 

an arch or portion of the crrcum- ^ 

ference M N, In a sector, then, 
there are three things to be con- 
sidered: I. The rafiiuaof thecirnle, 
C M or C N; 9. The quantity of 
the arch M N ; 3. The angle M C N. 

1 1. Iiet us now consider two sec- 
tors, M C N and men, whose ra<Ui 
C M and c m are equal to each other ; 
now it is demonstrated in the ele- 
ments of geometry, that the anj^es 
C and e have the same proportion 
to each other that'the-vchcs M N 
and m n have : in other words, the 
angle C is as many times greater 
than the angle c, as the arch M Nis 
greater than the arch m n ; but, instead of this awk. 
ward mode of expression, we say that the anglea C 
and c are proportioaal to the arches M N and m n 

the mdii being eqaal 
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19. Let us likewise consider two sectors, M C N 
«nd m c n, Fig. 174, whoee j,. i-j* 

angles C and c are equia to *^„ 

each oUier, but the tadii un- 
equal; aitd'itis deroonsttated 
in geometry, that the arch M N K,^ 
is as many times greater than L^ 
the arohmn, aa the radius CM " 
is greater than the radius e m ; 
or, ID geometrical language, 
the arches are in proportion to the radii, the angles 
being equal. The reason is obrious, for every arch 
contains as many degrees as its angle ; and the de- 
grees of agreat circle exceed those of a small one 
as many times aa the greater radiua exceeds the 
adMtler. 

13. Finally, let na consider lilwwise Uie case 
when, as lb Uie two sectors H C N and m e n, 
Fig. 176, the arches M N and nit are f\g_ 174. 
«qual; btt the radii C U and c m ur- 
equal. 

In this case, the angle C, which cOi 
responds to the greater radius C M, i 
the smaller, and the angle c, which cor- 
responds to the smaller radius e m, is •? 
the p-eater; and this in Bie s«me pro- (^>' 
portion as the radii. That is, the angle \^ 
e is as many times greaier than tne " 
angle C as the radius C M is greater than the radius 
em; or, to speak geometrically, the angles are re- 
■ciprocally proportional to the ntdii, the arches bekig 
equal. 

14. This last proposition carrieB me forward to 
my conclusion, ^ter I have subjoined this remark, 
that when the angles are very small, as in the case 
of pocket-glasses, there is no sensible difference in 
the chords of the arches M N and m n, that is, of 
the straight lines M N and m n. 

1ft. Haviwmade this remark, we retHm to Fij-.JTa 
(p. 318). l^a triangles F A / and F B / may be 
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considered as sector*, in which the arcfa P/ is the 
same in both. Consequently, the angle F B / ei* 
ceeds the angle F A / as often as the distance A V 
exceeds the distance B F. That ia, the ot^eci E » 
will appear through the instrument under an snrie 
as many tiDies jgreater as the focal distance of the 
object-glass A F exceeds the focal distance of the 
eye-glass B F, which was the thing to be demou- 
slraled. 
9iA February, 1763. 
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Dtfeelt of Poektt-gUtMea. Of tkt ^tparmt Fidd. 

Yoi7 most be sensible that no great advantage is 
to be expected from such small instruments ; and it 
has already been remarked that they do ant mag- 
nify objects above ten limes. Were the effect to m 



superior effect is re<j«irerf 

The principal of these defects ii 

of the apparent lield: an4 this leads me to explain 
an important article relative to telescopes of every 
description. When a telescope is directed toward 
the beavena, or to very distant objects oo the earth, 
the space discovered appears in the figure of a cir- 
cle, and we see those objects only which are included 
in that apace ; ao that if you wished to examine 
other objects, the position of the instrunient must 
be altered. This circular space, presented to the 
eye of the spectator, is denominated the apparent 
fitld, or, in one viotA, tht field oi Xha instrument i 
jud it is abundantly obvious, that it must be a great 
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adTtntage to have a veiy large field, and that, on 
the contrary, a small lield is a very great inconve- 
nience in inetraments of this sort. Let us suf^ioae 
two [eleacopeB directed towards the mood, bv the 
one of which we can discover only the half of that 
luminary, whereas by the other we see her whole 
body, together with the neighbouring stars ; the field 
of this last is therefore much greater than that of 
the other. That which presents' the greater Geld 
relieves ua, not only from the trouble of frequently 
changing the position, bul procures another very 

Real advantage ; that of enabling us to compare. 
' viewing them at the same time, eeveral parte oi 
tfie object one with another. 

It is therefore one of the greatest perfections ot 
a telescope to present a very ample field ; and it is 
accordingly a matter of much importance to mea- 
sure the field of every inslrument. In this view, 
we are regulated by the heavens, and we determine 
the circular space seen through a telescope, by 
measuring its diameter in degrees and minutea. 
Thus, the apparent diameter of the full moon being 
about half adegree, if a telescope takes in Ihe moon 
only, we say that the diameter of ita fit^ld is half a 
degree ; and if you could see at once only the half 
of the moon, the diameter of the field would be the 
quarter of a degree. 

The meaeurement of angles, then, furnishes the 
means of measuring the apparent lield ; besides, the 
thinn is sufficiently clear of itself. Supposing we 
conld see through the insinuneni A B, Fig. 170, only 
the space P O P, and j^ |7j_ 

the objects which it - *' 

contains i this space 
being a circle, its 
diameter will be the 
line POP, whose mid- 
dle point O is in the 
ait oTtbe iDatruDieiit. 
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Drawing, therefore, from the extreroitjes P F 
the straight Knes P C, P C, the angle POP wUl 
eitpress the diameter of the apparent field; and 
the half of this angle, C P, ia denominaWwI the 
(em i -diameter of the apparent field of such an in- 
strument. Yoa will perfeclly comprehend lh« 
meaning, then, when it is said that the diameter of 
the apparent field. of such an instrument is one de- 
^ee, that of another two degrees, and bo on; aa 
also when it is marked by minutes, as 30 minutes, 
which make half a degree, or 15 minutes, which 
make the fourth part of a degree. 

But in order to form a right judgment of the value 
of a telescope, with respect to the apparent field, 
we must likewise attend to the magnifying power 
of the instiument. It may be remarked in gener^ 
that the more a telescope magnifies, the sntiiJler, of 
necessity, must be the apparent field ; these are the 
bouivls which nature herself has prescribed. Let 
us Huppose an instrument which should magnify 100 
times ; it is evident that the diameter of the field 
could not possibly he so much as two degrees; for, 
as this space would appear too times greater, it 
would resemble a space of two hundrea degrees; 
greater, of consequence, than the whole visible 
heavens, which, from the one eilremity to the other, 
contain only 180 degrees, and of which we can see 
but the hair at most at once,— that is, a circular apace 
of 90 degrees in diameter. From this you see, that 
a telescope which magnifies 100 times conld not 
contain a field of so much as one degree ; for this 
degree multiplied 100 times would give more than 
90 degrees ; and that, accordingly, a telescope whicb 
magntfii-d liKlttmci would beexcelleui, if the diame- 
ter of its field were somewhat less than one degree ; 
arm the very nature of Iho instrument admits not 
of H greater effect. 

But another telescope which should m^rnify only 
10 times would be extremely defective, if it (Uft- 
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covered a field or only one degree in diameter ; as 
this field magnified 10 timea would give a space of 
DO more than 10 degrees in the heavens, which 
would be a small matter, by setting too narrow 
bounds to our »iew. We should have good reason, 
then, 10 reject such an instrument alWgether. Thus 
it would be very easy, with respect to the apparent 
field, to form a judgment of the excellence or de- 
fectiveness of instruments of this sort, when the 
eflfecl is taken into consideration. For when it 
magnifies only 10 times, it may fairly be conjectured 
that it discovers a field of 9 degrees ; as 9 desreei 
taken 10 times give go de^es, a siiace whicn our 
siifht is capable of embracing: and if the diameter 
of its field were only 5 degrees or less, this would 
be an instniment very defective indeed. Now, I 
shall be able to demonstrate, that if a telescope 
were to be constructed such as I have been de- 
scribing, which should magnify more than 10 times, 
it woiifd be liable to this defect : the apparent field 
multiplied by the magnifying power would be very 
considerably under 'M degrees, and would not even 
show the half. Bui when a small efl'ect is aimed 
at, this defect is not so sensible ; for if such an in- 
atniment magnifies only 5 times, the diameter of itf 
field is about i degrees, which magnified 5 times 
contains a space of 20 degrees, with which we have 
reason to be satisfied : but if we wished to magnify 
35 limes, the diameter of the field would be only 
half a degree, which taken 95 times would give 
little more than li degrees, which is too little. 
When, therefore, we would magnify very much, a 
dilTerent arrangement of lenses mdst be employed, 
which 1 shall afterward explain. 
nih Febnary, 1702. 
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To ascertain the apparent field being of very 
ETeat inipOTtance in the construction of telescopOB, 
I proceed to the application of il to the sniall 
giaa8e» which I have been describing. 

Th«lenaPAP./'^. 173(p,319),i8theobject.glaw, 
Q B Q the eye-glass, and the straight line E F the axis 
of the iostroment, in which ia msfia, at a very great 
distance, thraogh the instrument, the object E «, 
under the angle E A e, which representa the sem- 
dikmeter of the apparent field, for it extends as 
far on the other side downwards. The point E, 
then, ia the centre of the apace seen through th» 
instrument, the radius of which, E A, as it paaaea 
perpendicularly through both lensea, undergoes no 
refraction 1 and in order that this ray may havo 
admission into the eye, the eye must be fixed some- 
where on the axis of the instrument B F, behind 
the eye-glasB, so that the centre of the pupit shaU 
be in the line B F; and this is a general rule for 
every species of telescope. Let ns now consider 
the Tisible extremity of the object e, whose ray* 
exactly Gil the whole opening of the object-gtaas 
PAP; but it will he sufficient to attend only to the 
ray E A, which passes through the centre of the 
object-glasa A, as the others surround, and little 
more than strengthen this ray: so that if it is ad- 
mitted into the eye, the others, or at least a con- 
siderable partof tliem.find adraisaion likewise; and 
if this ray is not admitted into the eye, though per- 
haps some of the others may enter, they are too 
feeble to excite an impresatoii sufficiently powerTvl. 




PIEIA FOX roOKBTMILUsn. 827 

Hence tluB may be laid down as a nile, that the ex- 
tremity ( of the object ib seen only so Tar as the ray 
« A, sOer having passed throivh the two lenses, is 
sdmttled into the eye. 

We must tlierefore care rully examine thedire«- 
tioD of this ray t A. Now, as it pasaea through the 
centre of the object-glasH A, it undergoes no refrac- 
tiun; conformably to the rule laid down from the 
beginning, that rays passing through the ceiitT« of 
niy lens whatever are not diverted from their direc- 
tion, that is, undergo no refraction. This ray, e A, 
therefore, after having pansed through the object- 
^asB, would continue in the same direction, to meet 
the other rays issuing from the same point e, to the 
poiiit/oflhe image represented by the object-|laaa 
at F/, the point / being the image of the point t 
of the object ; t)nt the ray meeting at m, the concave 
lens, but not in its centre, will be diverted from that 
direction; and instead of terminatmg in/, will aa- 
BUme the diiectioo m n, more divergent from B F, it 
being the natural effect of concave lenses to render 
rajrs ^ways mor* divergent. In order to ascertain 
this new direction m n, you will please to recollect 
that the (Aject-glass represents the object E « in an 
inverted pmitioo at F/, so that A F ia equal to the 
ft>cal distance of this lens, which transports the ob- 
ject B « to F/. Then this image F/ occupies the 
^ELce of the object with respect to the eye-glaaa 
Q B Q, which, in its turn, transports that image to 
G;, whose distance B G must be as great as that 
of Uie object itself: and for this effect, it is neces- 
sary to place the eye-glass in soch a mAnnerthat 
the interval B F shall be equal to its focal distance. 

As to the magnitude of these images, the first F/ 
ts determined by the straight line c A/, drawn from 
* thrODEh the cenbre A of the first'lens : and the 



* through the cenbre A of the first'lens ; and the 
other O f by the straight line / B jf, drawn from the 
point / tuough the centre a of the second leni. 
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This being laid down, the rav A n> directed toward 
the point / is refracted, and proceeds in the direc- 
tion m n : and this line m n, being produced' back- 
wards, will pass throug-h the point ^, for m n has the 
same effect in the eye as if it actually proceeded 
from the point g. Now, as this line m n retire* far- 
ther and mrther from the axis B P, where the centre 
of the pupil is, it cannot enter into the eye, unless 
the opening of the pupil extends so far: sud if tho 
opening of the pupil were reduced to nothing, 
the ray m n would be excluded from the eye, and 
the point < of the object could not be visible, nor 
even any other point of the object out of the axis 
A F, There would, therefore, be no apparent field, 
and nothing would be seen through such an instrn- 
' menl except the single point E of the object, which 
is in its axis. Il is evident, then, tbsl a telescope 
of this sort discovers no SM but aa far ae the pupil 
expands ; so that in proportion as the expansion of 
the pupil is greater or less, so likewiap the ^)pa- 
rent tletd is great or small. In this case the point e 
will therefore be still visible to the eye if the small 
interval B m does not exceed half the diameter of 
the eye, that the ray m n may find admission into it ; 
but in this case,' likewise, the eve must be brought 
aa close as possible to the eye-glass : for as the ray 
m n removes from the axis F B, it would escape the 
pupil at a greater distance. 

Now it IS easy to determine the apparent field 
which such an instrument would discorer on tho . 
eye-dass : you hnve only to take the interval B m 
equal to the f emi-diameter of the pupil, and to draw 
through that point' m, and the centre of the objecl- 
glass A. the straight line m Kt \ then this lino will 
mark on the object the extremity e, which will b« 
Still visible through the instrument, and the angla 
E A e will give the aemi-diameter of the apparent 
field. Hence you will easily judge, that wheneTor 
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(he distance of the lenses A B exceeds some inches, 
Qm ai^e B A m must become extremely amall, as 
the line or the diatance B m is but about the twen- 
tieth part of an inch. Now if it were intended to 
magnify very much, the distance of the lenses must 
become considerable, and the consequence would 
be that the apparent field must become extiemely 
smalL The struciure of the hum^ui eye, then, sets 
bounds to telescopes of this description, and obliges 
us to have recourse to otheraof actifferentconstruc- 
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LETTER XCIII. 
Attrtmomical Tetetcopev, and their magnifying Pmetr. 

I FHocBKD to the second species of telescopes, 
called astronomical, and remark, that they consist 
of only two tenses, like those of the first species ; 
with this diSerence, that in the conettuction of astro- 
nomical telescopes, instead of a concave eye-glass, 
WB employ a convex one. 

The object-glass PAP, Fig'. 177, is, as in the other 
Fig. 177. 



species, convex, whose focus beinj; at F, we place, 
on the same axis a smaller convex lens Q Q, in such 
a manner that its focus shall likewise fall on the 
same point F. Then placing the eye at O, so that 
the distance B O shall bo nearly equal to the focal 
Ee3 
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dislance of the eye-ylass Q Q, yoa will see objecte 
diiitinclly, and niaipiified aa many times as the focal 
distance of the obJecl-glasB A F shall exceed that of 
the eye-gl369 B F : but il is to be rpmaTked that 
every object will appear in an inverted position ; »o 
that if the instniment were lo be pointed towards a 
house, the roof would appear undermost, and the 
ground -floor uppermost. As this circumstance 
woiiH be awkward in viewing lerrestrial objects, 
which we never see in an inverted aittiation, the 
use of this speciea of telescopes is confined lo the 
heavenly bodies, it being a matter of indifference in 
what direction they appear ; it is sufficient to the 
astronomer to know that what he sees uppermost is 
really undermost, and reciprocally. Nothing, bow- 
ever, forbids the application ofsuch telescopes to ter- 
restrial objects ; the eye soon becomes accustomed 
to the inverted position, pp«vidcd tho object is seen 
distinctly, and very much magnified. 

Having given this description, three things fall to 
be demonstrated ; first, that by this arrangement of 
the lenses objects must appear distinctly ; secondly, 
that they must appear nu^lGed as many times ss 
the focal distance of the object-Rlass eicoeds that 
of the eye-gliiHS, and in an inverted posilMHi ; and 
thirdly, that the eye must not he applied close to the 
eye-gluss,asin the first species, but must be removed 
to nearly the focal distance of the ocular. 

1. As to the first, it is demonstrated in the same 
maimer i^s in the procediiif; case : the rays e P, e P, 
which are parallel before they enter into the object- 
'-'- ' ■ ■^cet by refrdction in the focus of tlus lens at 



glass, meet by refrdction in the focus of tlus lens at 
F ; the eye-glass must, of course, restore the paral- . 

1.1: ■'"^Qse rayw, and ■=---' -=- - - 

. .,) proceeding f_ .. ..^ ^ 

be nearly parallel to each other when they enter the 



> cye-„ , ^ _._ 

lelism of those rayi^, and distinct vision reoulres 
that the rays proceeding from every point stioi!" 



eye. Now, the eye-glass, having il 

5 laced in such a manner as to render the rays F M. 
' M, by the refraction, parallel, and coosequeatly 
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the eye will receive the ra}v N o, N o, parallel to 
each other. 

S. Wilhrespecttothesecondarticle.letusc* 
fheot>jectatRe,fY^. 178,biit80that p- . 
the distance E A thall be almost in- __*' 
finite. The image of this object, V 
repreeented by the object-glass, will 
thorofore be F/, situated at the fo- 
cal distance of^that lens A F, and 
detemtinedby the straight line « A/, 
drawn through the centre of the 
leiw. This image F/. which is in- 
verted, ocoupiefi the place of the 
object with rpspcct to ttie eye-glass, 
and bcine in its focus, the second 
imag^ will be again removed to an 
infinite distance by the refraction 
ofthjH^lcns, and will fall, for exam- 
ple, at G g, the distance A G being 
considered as infinile, like that of 
A K. Now, in order lo dotprmine the magnitude of 
ihia image, you have only to dww ihrongh the centre 
B of the lens, and the extremity y* of the first image, 
the straight line Bfg. Now this second image O^ 
being the immediate object of vision to the person 
who looks through the telescope, it is eTident at 
once that this le presentation is inverted, and, as it 
is infinitely .distimt, will appear nnder an angle 
G Bf. But the object itself K e will Appear to the 
naked eye under the angle K A e : now you are sen- 
sible, without being reminded, that it is indifferent 
to take the points A and B, in order to have the 
visual anglcsi K A c and G B g, oa account of the 
infinite distance of ihe object. You now tee here, 
BS in the preceding cabc, that the triangles FA /and 
F B/maybe considered as circular sectors, the line 
F/ measuring the arch of both ; and the angles them- 
selves being so very small, no sensible mistake can 
be commitled in taking the chord for tbe arch. As, 
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thfln, the radii of these two sectors are the lines A E 
and B F, the arches being equal to each other, it 
follows, as was formerly demonstmted, that the 
angles F A/ (or, which is the same thing, E A e) 
and FB/ (or, which is the same thing, GB^) have 
the same proportion to each other that the radii 
B F and A F have. Therefore, the angle G B ^, 
under which theobjectisseen through the telescope, 
as many times exceeds the angle B A e, under which 
the object is seen by the naked eye, as the line A F 
exceeds the line B F ; which was the second point 
to be demonstrated. I am under the necessity of 
deferring the detnonstration of my third propositicHt 
till next post. 

aoth Fetmofy, 176S. 



LETTER XCIV. 
0/* the apparati FHeld, and the Piace of tht Efl. 

In fulfiUing my engagement respecting the third 
particular proposed, namely, to determine the place 
of the eye behind the telescope, I remaric that this 
subject IS raoat intimately connected with the appa- 
rent field, and that it is precisely the field which 
obliges us to keep the eye fixed at the proper dis- 
tance; forif it were to be brought closer, or removed 
farther off, we should no longer discover ho large a 
field. 

The extent of the field being an article of such 
importance, indeed so essential, in all telescopes, it 
must be of einial importance to determine exactly 



aa we have with the pocket-glass, which becomes 
insufferably small whenever the magnifying power 
is considerable. It is therefore a vobX advantage t« 
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aetronomiciil telescopes, that by wilhdrawiog the 
eye from the eye-glass the apparent Held increaaea 
to a certain extent j and it is precisely this which 
renders such telescopes susceptible of prodigious 
magnifying powers, whereas those of the lirst speciea 
are in this respect extremely limited. You know 
that with the astronomical telescope, the magniryiug 
power has been carried beyond two hundr^ times, 
which gives them an inconceivable superiority over 
those of the first species, which can scarcely magnify 
ten limes ; and the Iriflina inconvenience of the in- 
verted position is infinitely overbalanced by an ad- 
vantage so very great. 

I will endeavour to put this important article in 
the clearest light possible. 

1. The object Ee, Fig. 179, being 10- Fig. 179 
finitely distant, let e be its extremity, s 
still visible throiiKb the telescope, whose 
lenses are P A P and Q B Q, fitted on 
the common axis E A II ; it faUs to 
be attentively considered what direc- 
tion will be pursued liy the single ray 
which passes from uie extremity « 
of t\e object, through the centre A 
of the object-glass. You will recollect 
thai the other rays, which fall from the 



( A, which is the principal with respect 

3. Now this ray e A, passing through the c 
of the lens P P, will undergo no refraction, but will 
pursue its direction in the straight line A fm, aod 
passing through the extremity of the image F /, 
will fiill on the eye-glass at the point m ; and here 
it is to be observed, that if the size of the eye-glasa 
had not extended so far as the point m, this ray 
would never have reached the eye, and the point s 
would have been invisible. That is to say, it wovid 
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be nM«Mary to take the extremity t nearer to tho 
ixu, in order tlmt the ray A/m may meet tbe eye- 
^aas. 

3. Now tiiis ray A m will be refracted by the eye- 
l^us in a way which it is very easy to diBcover. 
We hare only to consider the second image G g; 
UioDgh infinitely distant, it is sufflcient to know that 
the straight line B/ produced will pass through the 
extremi^ g of the second image G g, which is the 
immediate object of vision. Having remarked this, 
the refracted ray must assume the direction « 0, bi^ 
this produced iMsees through g. 

A. As, therefore, the two lines O n and B/meet 
at an inflnite distance at g, they may be considered 
■a parsllel to each other ; and hence we acqnire an 
earner method to determine the position of the re- 
(iracted ray n : you have only to draw it parallel 
to the line B/. 

5. Hence it is clearly evident that the raynO will 
somewhere meet the axis of the telescope at O, and 
as usually, when the magnifying power is great, the 
point F is much nearer to the lens Q Q than to the 
lens P P, the distance B m will be somewhat greater 
than the image Tf; and as the line n ispatalle] 
to/B, the line B O will be nearly equal to HF, that 
is, to the focal distance of the eye-glass. 

6. If, then, the eye is placed at O, it will receive, 
not only the rays which proceed from the middle of 
the object E, but those lixewise which proceed from 
the extremity «, and consequently those also which 
proceed from every point of the object; the eye 
would even receive at once the rays B and n 0, 
even supposing the pupil infinitely contracted. la 
this case, therefore, the apparent field does not de. 
pend on the largeness of the aperture of the pupil, 
provided the eye be placed at ; but the raomem it 
recedes from this point, it must lose considerably in 
tte apparent Aetd. 

7. If tbe point m were not in the extremity of the 
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«y«-glaM, it wodM transniit rays atill mcn« remote 
from the axis, and the telescope would, or courae, 
discover a larger field. In order, theo, to det«nnine 
the real apparent field which the telescope is citable 
of discovering, let there be drawn, from the centre 
A of the object-glass, to the extremity m of the 

Se-riaM, the straisht line A m, which, produced to 
9 object, will mant at e the visible extremity; and 
consequently the angle E A e, or, which is the same 
thing, the angle B A m, will give the semi-diameter 
of the apparent field, which is consequently Ereater 
in proportion as the inctent of the eye-glass it 

8. As, then, in the first species of telescopes, the 
uparent field de^^nded entirely on the aperture of 
the pupil, and as in this case it depends entirely on 
the aperture of the eye-glass, there ia an essential 
diflerence between these two species of instruments, 
greatly in favour of the latter. The figure which I 
nave employed in demonstrating this last article re- 
specting the place of the eye and the apparent field, 
may greatly assist ua in the elucidation of the pro- 
ceding urticles. 

If you will be so good as to reflect, that Uie object- 
glass transports the object E e to F/, and that the 
eye-glass transports it from T f to G g, this image 
G^, being very distant from the immediate object of 
vision, ought to be seen distinctly, as a good eye re- 
quires a great distance in order to see thus. This 
was the first article. 

^Aa to the second, it is evident at first eight, that 
as instead of the real image E t, we see through the 



angle G f , or B n, whereas the object itself E 
appears to the nuked eye under the angle E A e : " 
telescope, therefore, magnifies as many times &s 
angle B n is jester than the bokIc G A e. N 
gs the line n is parallel to B/, the angle B O 




eqiul to the angle F B/ and the nnrle E A « is eqifil 
to its opposite and rertical an^e F A/; hence tha 
minifying power must be estimated froin the pro- 

K>rtion between the angles FB/andFAf; accord* 
gly, as the angle F B/ contains the angle FA ?a» 
often as the line A F, that is, Die focal distance of the 
objec^glaM. contains the line B F, that is, the focal 
dial^nce of the eye-glass, the magnifying power will 
be therefore expressed by the proportion of these 
two distances. This is propf sufficient that the ele- 
ments of geometry may be successfolly employed 
in researches of quite a difl^rent nature — a reSectioa 
not unpleasing to the mathematician. 
tad February, 1763. 



LETTER XCV. 



tohiek ihall magnify ObjecU a given IVumber of Timet. 

You now have it clearly ascertained, not only Irow 
many times a proposed instrument will magnify, 
but what is the mode of constructing a telescope 
which shall magnify as many times as' may be 
wished. In the first case, you have only to measure 
the focal distance of both lenses, the object-glass as 
well as the eye-glass, in order to discover how much 
the one exceeds the other. This is performed by 
division, and the quotient indicates the magnify^ 

Having, then, a telescope, the focal distance of 
whose object-glass is two feet, and that of the eye- 
^ass one inch, it is only necessary 10 inquire how 
ofleq one inch is contained in two feet. Every one 
knows that a foot contains twelve inches: two feet 
accordingly contain twenty- four inches, which are to 
be divided by one. But whatever number we divide 
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lyonettie quotient is always eijiial to Ihe dividend! 
if, then, it is asked, how often one inch is contained 
ihtwenly-fourinches.thciuiswcr, without hesitation, 
is, twenty-fonr times ; consequently, such a tele- 
scope magnifies twenty-four times, that is.represenU 
distant o^ects in the same manner as if they were 
twenty-four times greater than ihey really are ; in 
other words, you would see them through such a 
telescope under an angle tweniy-four times greater ' 
than by the naked eye. 

Let us suppose another astronomical telescope, 
the focal distance of whose object-glass is thirty-two 
feet, and that of the eye-glass three inches. You 
see at once that these two lenses must be placed at 
the distance of thirty-two feet a!;d three inches from 
each other; for, in all astronomical telescopes, the 
distance of the lenses must be equal to the sum of 
the two focal distances, as has been already demon' 
strated^ 

To find, then, how many limes a telescope of the 
above description magnifies, we must divide thirty- 
two feet by three inches; and, in order to this, re- 
duce these thirty-two feet into inches, by mulliplyiiig 
■ them by twelve : 

33 this produces 384 inches ; and these affain 

18 divided by three, the focal distance, in inclics, 

3)384 or the eye-glass, gives a quotient of 128, 

T^ which indicates that the proposed telescope 
magnifies 138 times, which must be allowed 
to be rery considerable. 

Reciprocally, therefore, in order to construct a 
telescope which shall magnify a given number of 
times, say 100, we must emplc>y two convex tenses, 
the focal distance of the one of which shall be 100 . 
times neater than that of the other ; in this case the 
one wfilgive the object-glass, and the other the eye- 
glass. These mttst afterward be fitted on the same 
axis, so that their distance shall be equal to the stun 
ofttie two focal distances ; that is, they musUbe Ifaced 

Vol. II.— F f 
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in a tube of this length, and then the «ye being placed 
behind the eye-glaas, al its focal distance, will see 
objects magnllied 100 tiniea. 

This arran^mcnt may be varied without end, bj 
assuming an eye-glasa aX pleasure, and adapting to 
'' n object-glasB whose focal disttmce shall be 100 



focus, and the distance of the lenses 101 inches. _., 
taking an eve-glasa of 2 inches focus, the o^ect- 
^laM must nave its focus at -the distance of 300 
inches, and the distance of the lenses will be 20S 
inches. If you were lo take an eye-glass of 3 inches 
focus, the focal distance of the object-glass must be 
300 inches, and the distance of the lenses from eacb 
other 303 inches. And if you were to take an eye- 
glass of .4 inches focus, the object-glass must have 
a focal distance of 400 inches, and the distance of 
the two' lenses 404 inches, and so on, the instrument 
always increasing in length. If, on the contrary, 
Ton were to assume an eye-glass of only half an 
inch focus, the object-glass must have a rocal dis- 
tance of 100 half-inches, that is, of 50 inches, and 
the distance between the lenses would only be M 
inches and a half, which is little more than four feel. 
And if an eye-glasa of a Quarter of an inch focua 
were to be employed, the ooject-glass would requite 
a focal distance of only 100 quarters of an inch, or 
95 inches, and the distance between tbe two lensea 
95 inches and a quarter, that is little more than tw» 
feet. 

Here, then, are several methods of producing the 
same effect, that of magnifying 100 times ; and if 
every thing else were equal, we should not hesitate 
about giving the preference to the last, as being the 
shortest -. for here the telescope, being reduced to 
little more than two feet, wouhl be more manageable 
than one much longer. 

No one, then, would hesitate about preferring tbl 
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Btaortest telescopes, provided all other circatnstancm 
were the same, and all the dilferent species repre* 
sented objects in the same degree of perfection. But 
though they all possess the same magnifviiiK power, 
ttie representation is by no means equally clear aoJd 



ing through such a telescope, objects will appear not 
only dark, but blunt and confused, which is un- 
doubtedly a very great defect. The last telescope 
but one, whose object-glass is 50 inches focus, is less 
subject to these defects : but the dimness and con- 
fusion are still insupportable; and these defecla 
diminish in proportion aa we employ greater object- 
glaaaes, and are reduced to almost nothing on em- 
ploying an object-glass of 300 inches, with an eye- 
glass of 3 inches focus. On increasing these mea- 
surements, the representation becomes still clearer 
End more distinct ; so that in this respect long tele- 
scopes are preferable to short, though otherwise len 
ccmmodious. This circumstance imposes on me a 
new task, that of further explaining two very essen- 
tial articles in the theory oi telescopes : the one re- 
spects the clearnesB, or degree of light in which ob- 
jects aie seen i and the oilier the distinctness and 
accuracy of expression with which they are repre- 
sented. Withnutthese two qualities, all magnifying 
power, however great, procures no advantagv for the 
contemplation ofobjecta. 
S7lA February, 1763. 



LETTER XCTI. 

Dtgree of Cteanuu. 

!■ order to form a judgment of the degree of clear- 
ness in which objects are represented by the tele- 
•cope, 1 shall reciu: to the. same principles which I en- 
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dearoured to elucidate in treating the &aine But:iiect 
with reference to the microscope. 

And, first, it must be considered, that in this re- 
search it is not proposed to determine the dezree 
of light resilient in objects themselves, and whicli 
may De very different, not only in different bodies, 
as being in their nature more or leas luminous, hut 
in the same body, according as circumstances vary. 
The same bodies, when illuminated by the sun, have 
undoubiedly more light than when the sky is over- 
cast, and in the night their lizht is wholly extin- 
guished ; but different bodies illuminated may dilTer 
greatly in point of brightness, according as their 
colours are more or less lively. We are not inquir- 
ing, then, into that light or brightness which resides 
in objects themselves ; but, be it strong or faint, we 
say that a telescope represents the object in perfect 
clesrness, when it is seen through the instrument as 
clearly as by the naked eye ; so that if the object be 
dim, we are not to exptect that the telescope should 
represent ii as clear. 

Accordingly, in respect of clearness, a telescope 
is perfect when it represents the object as clearly 
as it appears to the naked eve. This takes place, as 
in the microscope, when toe whole opening of the 
pupil is filled with the rays which proceed from 
every point of the object, alter being transmitted 
through the telescope. If a telescope furnishes 
rays sufRcient to (ill the whole opening of the pupil, 
no greater degree of clearness need be desired ; and 
supposing it could supply rays in greater profusion, 
this would be entirely useless, as the same quantity 

Secisely, and no more, could find admission into 
e eye. 

Here, then, attention must be paid chiefly to the 
aperture of the pupil, which, being variable, prevents 
our laying down a fixed rule, unless we regulate our- 
selves according to a certain given aperture, which 
is sufficient, when the papi], in a state of the greatest 
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conlfsction, ia IDled with rays ; and for thia pnrpOM 
the diameter of the pupil is DBusillf supposed to bo 
one line, twelve of whiph make an inch; we Bome- 
times sntisfj onrselTcs with even the half of this, 
allowing to the diameter of the pupil only halfaline, 
and in some casea atill leea. 



n that of the moon ia hy no meana inconaidcrable, 
yon will be senstble that a amall diminution in point 
of cleameaa can be of no great coiuieqneDce in tbe 
contemplation of objects. Having premised this, all 
that remains is to examine the rays which the tele- 
acope transmits into the eye, and to compare them 
wiui the pupil ; and it will be sufficient to consider 
the rays which proceed from a single point of the 
object, that, for example, which is in the axia of tbe 
telescope. 

I. The object being inflnilely distant, the raya 
ivhich fall fro - -■ - '■■ ... 

PAP.Fig.i 



nys, then, which come from the centre of the ob- 
ject will be contained within the lines L P, L P, 
parallel to the axia E A. All these rays taken to- 
gether are denominBted the pencU of rays which fall 
on the object-glasa, and the Sreadlh of this pencil ia 
equal to the extent or aperture of tbe abject-glaas, 
the diameter of which is P A P. 

9. This pencil of raya is changed bv the refrac- 
tion of the object-fflass into a conical or pointed 
figure P F P, and Having croR««d at the focus F, it 
PfS 
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forms a new cone m F m, terminated by Qie «7«. 
glass ; hence it is evident that the base of this cone 
m m is as many times smaller than the breadth o{ 
the pencil P P, as the distantie F B is shorter than 
the aistance A F. 

3. Now these nya F m,F m, on passing through 
the eye-glass Q B Q, become again parallel to each 
other, and form the pencil of rays no, no, which 
enter into the eye, and there depict the image of 
the point of the object whence they originally pro. 
ceeded. 

i. The question, then, resolves itself into the 
breadth of this pencil of rays no, no, which enter 
into the eye ; for if this breadth n n or is equal 
to or greater than the opening of the pupil, it will 
be filled with them, and the eye will enjoy all pos- 
sible clearness ; that is, the object will seem as clear 
as it you were to look at it with the unassisted eye. 

6. But if this pencQ nn, were of much less 
breadth than the diameter of the pupil, it is evident 
that the representation must become so much mor« 
obscure ; which would be a great defect in the tele- 
scope. In order to remedy ii, the pencil must there- 
fore be at least half a line in breadth ; and it would 
be still better to have it a whole line in breadth, this 
being the usual aperture of the pupil. 

0. It is evident that the breadth of this second 
pencil has a certain relation to that of the tirst, which 
it is very easy to determine. You have only to 
settle how many times the distance n n or m m is less 
than the distance P P, which is the aperture of the. 
object-^lass. But the distance P P is in the same 
proportion to the distance m m, as the distance A F 
to tlie distance B F, on which the magnifying power 
depends ; accordingly, the magnifying power itself 
discovers how many times the pencd L P, L F is 
broader than the pencil no,ne, which enters into 
the eyp. 
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1. SiDce, then, the breadth nn ox oo must be one 
line, at least half a line, the aperture of the object- 
ghM P P must at least contain as man]r. half-lines 
as the nia^ifying powei indicates ; thus, when the 
telescope is to niasiury 100 times, the aperture of its 
object-glass must have a diameter of 100 half-lines, 
or 60 Imes, which make 4 inches and 2 lines. 

8. You see, then, that in order to avoid olwcuritv, 
' the aperture of the object-glaaa must be greater in 
proportifHi as the magnifying power is greater. 
Ado, consequently, if the object-glass employed ia 
JWt susceptible of such an aperlAre, the telescope 
will be defective in respect of cleameaa of repre- 
sentation. 

Hence it is abundantly evident, that in order to 
magnify very greatly it is impoasiUe lo employ aroall 
object-glasses, whose focal distance is too short, as 
-a lens formed by the arches of small circles cannot 
have a great aperture. 

Ul March, 1763. 
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deeree of clearness. 

only the size or aperture of the objecl-glas 

ever, the focal distauce is aiTected by it likewise, for 

the larger the leas is the greater must be its focal 

distance. 

The reason of this is evident, as in order to form a 
lens whose focal distance is, forexample, two inches, 
its two surfaces must be srchesof a circle whose ra- 
dinaie likewise about two inches. I have therefor* 
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represented, Fig. 181, t«o lenses P and Q, . 
the arches of which are described with a Fig. 181. 
radius of two inches. The lens P, being 
the thicker, is much greater than the lens 
Q ; but I shall demonstrate afterward that 
thick lenses are subject to other incon- pi 
veniences, and these so great as to oblige 
us to lay them altogether aside. The lens 
Q, then, will be found more adapted for 
use, being composed of smaller arches of 
the same circle ; and as its focal distance is two 
inches, its extent or aperture m n may scarcely ex- 
ceed one inch. Hence this may be laid dowa as a 
general rule, that the focal distance of a lens must 
always be twice greater than the diameter of its 
aperture m n ; that is, the aperture of a lens must 
of necessity be smaller than half the focal distance. 

Having remained, then, that in order to magnify 
100 times, the aperture of the object-glass must 
exceed 4 inches, it follows that the focal distance 
must exceed B inches ; I ahidl presently demonstrate 
that the double is not sufficient, and that the focal 
distance of this lens must be increased beyond 300 
inches. The distinctness of the expression of the 
imase requires this great increase, as shall afterward 
be shown ^ J satisfy myself with remarking, at pres- 
ent, that with regard to the geometrical figure of Ihx 
leos, the ^wrture cannot be greater than half its 
focal distance. 

Here, therefore, I shall go somewhat more into, 
the detail reapecting the aperture of the object-glass, 
which every magnifying power requires ; wid I re- 
mark, first, that though a sufficient degree of clear- 
ness requires an aperture of four inches, when the 
telescope is to magnify 100 limes, we satisfy our- 
selves, in astronomic^ instruments, with one of three 
inches, the diminution of clearness being scarcely 
perceptible. Hence artists have laid it down as a 
niki that in order to magnify 100 times, tiie aperture 




846 

Ol the object-Klasi must be thr«e inches; and for 
. other magnifying powers in tliat proportion. Thus, 
ia order to magnily 60 times, it is sufficient that the 
aperture of the object-glass be an inch and a half; 
to magnify 25 times, three-quarters of an inch suf- 
fice, and so of other powers. 

Hence we see tliat for small magnifying powers & 
y^ry small aperture of the object-glass is sufficient, 
and that, conBequently, a moderate focal distance 
may answer. But if you wished to magnify SOO 
tifaiea, the aperture of the object-glass must be six 
inches, or half a Toot, which requires a very large 
lens, whose focal distance nmst exceed even 1 00 feet, 
in order to obtain a distinct and exact expression. 
For this reason, great magnifying powers require 
very long telescopes, at least according to the usual 
arrangement of lenses which I have explained. But 
for some lime past artists have be«n succeasTully 
employingthemselvea in dimiuishing this excessive 
length. The aperture of the object-glass, however, 
must follow the mle laid down, asoJeamess necea- 
sarily depends on it. 

Were you desirous, therefore, of constructing a 
telescope which should riaegnify 400 times, the aper- 
ture of the object-glass must m twelve inches, or a 
foot, let the focal distance be rendered as small as 
you will : and if you wished to magnify 4000 times, 
the aperture of the object-glass must be ten feet,— a 
very great size indeed, and too much so for any 
artist to execute ; and tliis is the principal reason 
why we can never hope, to carry the magnifying 
power so far, unless some great prince woi2d be at 
the expense of providing and executing lenses of 
such magnitude ; and, aflei all, perhaps they would 
not succeed. 

A telescope, howuver, which should magnify 4000 
times, would discover many wonderful things in the 
heavens. The moonwouldappear4000timeBlBrger 
than to the naked eye; in other words, we should 
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■ee her as if she were 4000 times nearer to ns than 
she i*. Let us inquire, then, to what a degree we 
mi^hl be able to distinguish the different bodies 
which she may contain. The distance of the moon 
from the earth is calculated to be 340,000 English 
miles, the 4000dth part of which is 60 miles r auch & 
telescope would accordingly show us the moon as 
if she were only dO milea distant ; and, consequently, 
we ahould be enabled to discover in her the same 
things which we distinguish in objects removed to 
the same distance. Now, from the top of a moun. 
tain we can easily discern other mountains more 
than 00 miles distant. There can be no doubt, then, 
that with such an instrument we should discover on 
the surface of the moon many things to fill us with 
surprise. But in order to determine whether the 
moon is inhabited by ireaCures similar to thoae of 
the earth, a distance of 60 miles is still too great-; 
we must have, in order lo this elfect, a telescope 
which should magnify ten times more, that is 40,000 
times, and this would retjuire an object-glass of 100 
feet aperture, an enterpnae which human art will 
never be able to execute. But with such an instru* 
■Bent we should see the moon as if she were no 
farther distant than from Berlin to Spandau, and 
{t»od eyes might easily discern men at this distance, 



As we musi rest satisfied with wishing on this 
subject, mine should be to have at once a telescope 
which should magnify 100,000 times ;* the moon 
would theti appear as if she were only half a mile 
distant. 

The aperture of the object-glass of the telescope 
must be 250 feet, and we should see, at least, the 
larger animals whioh may be in the moon. 

(Uh Manh, 1769. 

• Dr. HCTKtiel bu bwn iblt U ipplf t iaiiiiU)lD| pnrw of MOO 
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LETTER XCVIU. 

On Dittinetnett m the ExprtMnon : On the S^t o/Dif- 
fiaion occanoned by lie Aperture ef Ob)ect-glasstiy 
and comidered at Ihe ^firtl Smtree of Want of Dii- 
tinetneit in the Repre*entation. 

DirmtcnriM of expreasion k a qaality of so miich 
importance in the construction of telescopes, that it 
seems to take precedence of all the others which I 
hare been enoeavourirtg to explain : for it must be 
allowed that a telescope which does not represent 
distinctly Ihe images of objects must be very defect- 
ive. I must therefore unfold the reasons of this 
want of distinctness, that w« may apply more suc- 
cessruUy to the means of remedying it. 

They appear ao much the more abstruse, that the 
principles hitherto laid donn do not discover the 
source : in fact, this defect is thus to be accoanled 
for — one of the principles on which I have hitherto 
proceeded is not strictly true, though not far from 
the truth. 

You will recollect that it has been laid down aa a 
principle, that a.convex lens collects into one point 
of the image all the rays which A)me from one point 
of the object. Were this strictly true, images rep- 
resented by lenses would be as distinctly expressed 
as the object itself, and we should be under no ap- 
prehension of defect in regard to this. 

Here, then, lies the defectivenesa or this principle ; 
lenses have the property now ascribed to them only 
around their centre ; the rays which pass through 
the extremities of a lens collect in a dilferent point 
from those which pass towards the centre, lhouj(h 
aJl proceed from the same point of the object ; hence 
are produced two diflerent images, which uccas.on 
indislitictneas. 
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In order to set this in the clearest light, let m 



Fig. 183. 




:oiisiiler the convex lens 
P P, Fig, IS^, on the axis 
of whic^ is placed the ob- 
ject E «, of which the point 

E, situated upon the axis, 
emits the rays E N, E M, 
E A, E M, E N, to the sur- 
face of the lens. To the 
direction of these rays, as 
changed by refraction, We 
must now pay atterition. 

1. The ray E A, which : 
passes through the centre 
A of the lens, undergoes no 
refraction, but proceeds for- 
ward in the same direction, 
on the straifrht line A B P. 

a. The rays E M and E M, 
which are nearest to the "^ 

first, undergo a hiubII refraction, by which the^ will 
meet with the axis somewhere at P, which is the 
placeoftbeimage F/, ashas been explained in somo 
of my preceding Letters on this subject. 

3. The rays E N and E N, which are more remote 
from the axis E A, and which pass towards the ei- 
tremitioa N N of th^lena, undergo a refraction some- 
what different, which collects them, not at the point 

F, but at another point G, nearer the lens : and these 
rays represent another image O g, different from the 
Brat F/. 

4. Let us now carefully attend to this particular 
circumstance, not hitherto remarked ; it is this, that 
the rays paaaing through the lens, towards its ex. 
tremilies, represent another image G g, than what is 
represented by those passing near the centre MAM. 

5. If the rays E N,!; N, were to retire still farther 
Item the centre A, and to pass throngh the points 
P P, of tbe leas, their point of reunion would be stiU 




nearer to the leas, and wonU form a new image, 
nearer than even Gf. 

6. Hence you will essily perceive, that ibe first 
image F/, which is named the principal image, is 
formed only by the rays which are almoat infinitelj 
near the centre ; and diat according as the raya re- 
tire IroDi it, towards the extremitiea of the lens, a 
particular image is fonned nearer the lena, till Ihoae 
passing close to the extremities form the last, G^. 

7 All ttic rays, therefore, which pass through the 
leiiB P P represent an inRnity of images disposed 
between P/ and Gg; and at eTery distance from 
the axis the refraction of the leas produces a par- 
ticular image, so that the whole apace between F and 
G is filled with a series of imager. 

8. This series of images is accordingly denomi- 
nated thediBuBionof the image ; and whenaJI these 
rays aiWrward enter into an eye, it is natural that 
the vision should be so much disturbed as the space 
F'G, through which the image is diniised, is more 
considerable. If this space FG could be reduced to 
nothing, no confusion need be apprehended. 

e. The greater portions of their respective circles 
that the arches P A P and P B P are, the greater 
likewise is F G the space of diffusion. Yon see a 
good reason, then, for rejecting alt lenses of too 
great thickness, or in which lh« arches which form 
the surfaces of the lens are considerable segmenta 
of their circles, as in Fie. 1^, of which 
the arches P A P and P B P are the fourth Fig. i83. 
part of the whole circumference, so that ^ 

each contains 90° j this would, conse- 
quently produce an insufferable confusion. 

10. The arches, then, which form the 
surfaces of a lens, must contain much ^ 
less than 00 degrees : if they contained 
so much as 60, the dilTusion of the image 
would be even then Id supportable. Au- 
thors who have treated the subject admit 

VbL. 11.— G g 
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which'ihe arches' P A P and f B P contkia 
only SO degrees, each beinf but the eigh- 
teenth pari of the whole circumference of 
its Tespective circle. 

II. Hut if this lens were to supply the ^ 

place of the object-glass in a telescope, the 
arches PAP and P B P must contain still many 
degrees leas. For though the difTusion of the image 
be perceptible of itself, the magnifying power mul- 
tiplies it as many times as it does the object. Therc- 
fcire, the greater the magnifying power proposed, 
the fewer must be the number of degrees which 
the siirfaces of the lens contain. 

13. When the telescope ie intended to magnify 
100 times, you will recollect that the aperture of 
the objecl-^lass must be 3 inches, itnd its focal dis- 
tance 380 niches, which is equiil to the radii wito 
which the two arches PAP and P B P are described ; 
hence it follows that each of these two arches con- 
tains but hutf a degree -, and it is distinctness of ex- 
pression which requires an arch so small. If it 
were intended to magnify 300 limes, half a degree 
would be still too much, and the measure of the arch, 
in that case, ought not lo exceed the third part of ■' 
degree. Thisarch, however, must receive iinezteDt 
of 8 inches ; the radius of the circle must Iherefon 
be so much greater, and consequently also the fooa' 
distance. "Hiis is the true reason why great magrf 
fyiDg powers require telescopea of such considerabf 
length. ! 

aih March, 1763 
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J)pninution of tht Aperture ofLeiuei, andoAtrm 
oflemmng the Space of Diffusim liUititred 



Whin the space of an object-^lau is too sreat to 
admit of dietiactnen of expression, it may be very 
eaflily remedied : you haTe only to co»er the lens 
with a circle of pasteboard, leaving an opening in the 
centre, so that the lens may tranemit no other rays 
bnt those which faJI upon it through the opening, 
and that those which before passed through the ex- 
tremities of the lens may be excluded; for as no rays 
sre transmitted bat through the middle of the leas, 
the smaller the opening ia the smaller Ukewise will 
be the space of dimiaion. Accordingly, by a gradual 
diminution of the opening, the space oi dimuion may 
be reduced at pleasure. 

Here the case is the same as if the lens were no 
larger than the opening In the pastetxiard, thus the 
covered part becomes useless, and the opening de- 
termines the size of the lens; this then is the remedy 
employed to give object-glasses any given extent. 

P P is the object-glass, Fig. 185, before j,- .gj 
which is placed the pasteboard NN, having ^ V p ' 
the opening M M, which is now the extent 1| a 
of the lens. This opening M M is here nU A 
nearly the half of what it would be were H 

^e pasteboard removed ; the apace of dif- ^ H 
fiision is therefore much smaller. It is [I W 
remarked, that the apace of diflusion in Hi 
this case is only ihe fourth part of what 
it was before. An opening M H, reduced to a third 
of P P, would render the space of diffusion nine 
times less. Thus the effect of this remedy is very 
considerable ; and on covering the extremities of 




3n SQOMDTIOM OF THE 

the lena ever bo little, the effect of it becomes per- 
ceptible. 

ir, thererore, a telescope labonra under this defect, 
that it does not represent objects sufGciently distinct, 
as * series of images blended together inust of ne- 
cessity i»oduce confusion, you have only to con- 
tract the aperture of the object-glass by a covering 
or pssteboard such as ] have described, and this 
contiision will infallibly disappear. But a defect 
equally embarrassing is the consequence ; the de- 
gree of brishtaess is diminished. 'V ou will recollect 
that every degree of the magnifying power requires 
a certain aperture of the object-glass, that as many 
rays may be transmitted aa are necessary to procure 
a sufficient illumination. It ia vexatious, therefore, 
in curing one defect, to fall into another ^ and in 
order to the coustructlon of a very good telescope, 
it is absolutely necessary that there should be suffi- 
cient brightness of illumination, without iiyuhng 
distinctness in the representation. 

But can there be no method of diminishing, nay, 
of totally reducing the space of difliision of objsct- 
glBSses without diminishing the aperture ! Tlus is 
%e great inquiry which has for some time past en- 
gaged the attentKHi of the ingeoians, and the solution 
of which promises such a fleld of discovery in the 
science or dtop^ics. I shall have Die honour, at 
least, of laying before you the means which scientific 
men have suggested for this purpose. 

As the focus of the rays which pass through the 
middle of a convex lens is more oistant from the 
lens than the focus of the rays which pass through 
the extremities, it has been remarked that concave 



annihilated ; while, in other respects, this compound 
[ens should produce tiie same effect as an oroinaiy 
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simple lAject-o'tassI You know thai concave lenset 
are measured by (beir focal distance as well as thoko 
which are convex ; with this difference, that the 
focus of the concave is only imaginary, and falli be< 
fore the lena, whereas the focus of convex lenses is 
real, and falls behind them. Having made this re- 
mark, we reason as followei : 

1. If we place, F^. 1B6, behind a con- jiV.ies. 
Tex lena P A P, a concave one Q B Q of 
the same focal distance, the rays which 
the convex lens would collect in its focus 
will be refracted by the concave, so that 
they will again b4>come parallel to each 
Other, as they were before paasing through 
the convex lens. 

9. In this case, therefore, the ci 
lens destroys the effect of the convex, and 
it is the same thing as if the rays had proceeded in 
their natural direction, without undergoing any re- 
fraction. For the concave lens, having its focus at 
the same point F (see Ftg. 178, p. 331), reatorea the 
parallelism of the rays, which would otherwise have 
met at the point F. 

3. If the focal distance of the concave lena were 
smaller than that of the convex, it would 

SrOduce a greater effect, and would ren- Fig. 187. 
er the rays divergent, as in Fi^. 187 : the 
incident pamllel raya L M, E A, L M, pass- 
ing through the two lenses, would assume 
the directions N O, B F, N 0, which are 
divergent from each other. These two 
lenses together produce, therefore, the hLa|-J« 
•arae effect as a simple concave lens, ''^ H* 
which would impress on the incident par- -*-'-*" 
aHel rays the same divergence. Two 
«uch lenses joined together, of wljich the 
concave has a smaller focal distance than 
the convex, are therefore equivalent K 
■imple concave lens. 

GkS 
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Fig.m 



4. But if the concaTe lens Q Q, Fig. 
tS6, has a greater focal distance than 
the convex lens P P, it is not even suf' 
ficient tQ render parallel to each other 
the rays which the convex lens by it- 
self wuuld collect la its focus F ; these 
rays, therefore, continue convergent, 
but'thetr.convergeDce will be dimin- ^ 
ished by the concave lens, ao that the 
raya, instead of nieet)n| in the point F, 
will meet in the more distant point O. 

5. These twolensesjoiuedlocether 
will produce, then, the same ettect aa 
B simple convex lena which should 
have its focus at 0, as it would collect 

t theparallelray3LM,EA,LM, equally 
in the same point. It is therefore evi- u 

dent that two lenses may be combined 
an infinite variety of ways, the one bcingconvexand 
the other concave, so that their combiaation shall be 
equivalent to a given convex lens. 

8. Such a double object-glass may therefore be 
employed in the conatniclion of telescopes, instead 
of the simple one, to which it is equivalent ; and the 



ferenl, and it may happen to bo greater or fess than 
that of a simple object-glass; and in this last case 
the double object-glass will be greatfy preferable to 
the simple one. 

7. But, further, it has been found possible to ar- 
range two such lenses so that the space of difl\tsioa 
is reduced absolutely to nothing, which is undoubt- 
edly the greatest advantage possible in the construc- 
tion of telescopes. Calculation enables us to deter- 
mine this arrangement, but no artist has hitherto 
been found capable of reduciiig it to practice. 
.13(A March, 1763. 
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Of Compound Oiyecl-glauet.' 

Trk combinalioa of two lenaes, of which I have 
BOW given the ides, is denoniiaated a compound 
objec^glass ; the end propoeed from them is, that 
all the rajs, as wett those which pass through the 
extremities of a lens as those which pass tnrougfa 
the middle, should be collected in a f,in^le point, so 
that only one image may be formed, without diffu- 
sion, as in simple object-glaeses. Could artists 
succeed in eflecting such a coriElruction, verv great 
advantages would result from it, as you shall see.. 

It is evident, first, that the representation of ob- 
jects must be much more distinct, and more exactly 
expressed, as vision is not disturbed by the appari- 
tion of that series of images which occupv the space 
of diEfusion when the ol^ecl-gl ass is simple. 

Again, as ttiis space of ditTusion is the only reason 
which obliges us to give to simple object-glasses 
such an excessive focal distance, m order to render 
the inconvenience resulting from it imperceptible, by 
employing compound object-glasses we are relieved 
ftom that cumbersome expedient, and are envied 
to construct telescopes incomparably shorter, yet 
possessing the same magnifying power. 

When, employing a single object-glass, you want 
to magnify a hundred times, the fooal distance can- 
not be less than thirtjr feet, and the length of the 
telescope becomes still greater on account of the 
ejre-glasB, whose focal distance must be added; a 
■mall object-glass would. produce, from its greater 
tpace of diffusion, an intolerable confusion. But a 
length of thirtv feet is not only very incommodious, 
but artists seldom succeed In forming lenses of so 
fftU a focal dittance. You will readily perceive 
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Ihe reason of this ; Ibr the radius of the surfaces of 
such a lens musl likewise be thirty feet, and it ia 
very difficult to describe exactly so great a circle, 
and the sligfatest aberration rendera all tlie labour 
useless. 

Accidents of this aort are not to be apprehended 
in the construction of compound object-masses, 
which may be formed of smaller circles, provided 
the]^ are susceptible of the aperture which the niae- 
nifying power requirea, Thusf in order fa) msgnify 
one hundred times, we have eeeh that the aperture 
of the object-glasa must be three inches; but it would 
be easy to construct a compound objeM-elaes whose 
focal distance should be only'One hundred inches, 
and which could admit an aperture of more than 
three inches : therefore, as the focal distance of the 
eye-glass must be one hundred times smaller,!! would 
be one inch ; and the interrsl between the lenses 
being the sum of their foc&l distances, the length of 
the telescope would be only one hundred am one 
inches, or eight feet five inches, which is far short 
of thirty feet. 
But )t appears to me that a compound object-^ass, 
■ vhose focaj distance should be fifty inches, mi^t 
easily admit an sperture of three inches, and even 
more : taking, then, an eye-glass of half an inch 
focus, you will obtain the same magnifying powerof 
one hundred times, and the length of the telescope 
will be reduced one-half, that is, lo four feel and less 
than three in<^es. Such a telescope, then, would 

Siroduce the same effecfas a common one of thirty 
eet, which is assureiUy canyiog it as far m need 
be wished. 

If such a compound object-gtass could be made to 
answer, you would only hare to double all these 
measurementa in order lo have one which should 
admit an aperture of six uiches ; and this might be 
employed to magnify two hundred times, making use 
of an eye gtess of half an inch focus as ti» tworaik' 
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drcdth part of the focal diBtance of the object-glass, 
whicb would, in thin case, be one hundred inches. 
Now.aconiiiioDteleacopewhich should raasniry two 
hraidred limes, must exceed one hundred Teet in 
length : whereas this one, which is cooBtmcted with 
a compound object-glass, is reduced lo sbaui eight 
feet, and is perfectly accommodated to use, whereas 
a telescope of one hundred feet long would be an 
unwieldly and almost uaelesa load. 

The subject BUf^ht be carried stiU much further, 
and by again doubling the measurements, we might 
bsve a compound ob^t-glass whose focal distance 
staoald be two hundred inches, or sixteen feet eirht 
incbea, whkh should admit of an aperture of twelve 
inches, or one foot : takitis, then, an eye-glass of 
half an inch focus, as two Hundred inches contain 
four hnndred half-inches, we should haveatelescope 
capable of magnifying four hundred timea, and still 
abundantly manageable, being under scvente^i feet ; 
whereas, were we to attempt to produce the same 
magnifying power with a simple object-glass, the 
length of the telescope must exoeed three hundred 
fee^and conseouently could be of no manner of use 
on account of that enoinious aiie. 

They have at Paris a telescope one hundred and 
twenty feet long, and one at London of one fauodred 
and thirty feet ; but the dreadful trouble of mount- 
ing and pointini^ them to the object almost annihi- 
lates the advantages expected from them. From 
this you will conclude of what importance it would 
be to succeed in the construction of the compound 
lenses which I have been describing. I suggested 
the first idea of them several years ago, and since 
then artists of the greatest ability in En^and and, 
France have been attempting to execute them. 
Repeated efTons and singular skill in the artist are 
undoubtedly requisite. Indeed, I have made, with 
the assistance of an able mechanician of our Acade- 
my, aome not unsuccessful attempts; but the ex- 
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peDM attending such an enteijvise has oUiged ms 

But the Royal Society of London last year an- 
nounced, that an eminent artiit, of the name of Dot- 
hnd,' bad fortunately Buceeeded ; and his telescopes 
are now unireraally admired. An able artist of 
Paris, named PaaigmetU, boasts of a similar aucceaa. 
Both these gentlemen did me the honour, some 
time ago, to correspond with me on the subject ; but 
as the point in question was chiefly bow to surmount 
certain great dilSculties in the practical part, which I 
never attempted, It is but fair that I shoi^d relinquish 
to them the honour of the discovery. The theory 
alone is my province, and it has cost me much pro- 
found research, and many painful calculations, the 
very Bight of which would tenify you. I shall 
therefore take care not to perplex you further with 
Diia abstruse ineuiiy. 

IBM MoniA, 176S. 



Formation of Simple Otytct-gla$ttM. 

In order to give you some idea of the researches 
which led me to the construction of compound ob- 
ject-glasses, I must begin with the formation of the 

Observe, first, that the two surfaces of a lens m^ 
be fqrmed in an infinity of different ways, bytaking 
circles of which the surfaces are s^ments, either 
equal or unequal to each other, the local distance, 
however, remaining always the same. 

Mm HiU, E^., or Man-hiii, in Ewi. In ibr Tctt i;n. « '«■ thui 
twtilf-faiajtivw\mkm iba parlod ftllnded (d bjr our tnibar. Tim In- 

iDTimllan. Bm (Be inlEln Optut, la Uii Ed,ia,rt1, Koefcl^atU, vaL 
<T.f. 09, MM, Ah ■ftlllWBiiiil tllb. AnU-ilMwn.— U 
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The sinie figure is nsaally given to both surfeces 
Of a leQB, or, as the surfaces of & lens are repr«- 
aented by arches of a circle, both surfaces are formod 
with radii equal to each other. Facility of execu- 
tion has undoubted!)' recominended this figure, as 
the same basin serves to form both surfaces, and 
•most artists are provided with but few baaina. 

Suppose, then, a convex lens, both whose sur&ces 
are polish^ on the same basin, one of twenty-four 
inches radius, BO thateach surface shall be an arch of 
tbe circle whose radius is twenty-four inches; this 
lens will be convex on both sides, and will have its 
focal distance at twenty-four inches, according to 
the common calculation ; but as the focus depends 
on the refraction, and as the refraction ia not abao' 
lutety the same in eveiy species ofghiss, in which we 
find a very considerable diversity, according as the 
glass ia more or less white and hard, thia calculation 
of the focus is not strictly accurate ; and usually tbe 
focal distance of the lens is somewhat less than the 
r^us of its two surfaces, sotnetimes the tenth 
part, sometimes the twelfth : accordingly, the sup- 
posed lens, the radius of whose surfaces is twenty- 
four inches, will have its focus at the distance of 
about twenty-two inches, if it is formed of the same 
species of glass of which mirrors are commeoty 
manufactured ; though even in glass of thia sort we 
meet with a small diversity in respect of refraction. 

We see afterward, that on mating the two sur- 
faces of the lena uneaual, an infinity of other lenses 
may be formed, which shall all have the same focal 
distance ; for on taking tbe radius of one of the 
surfaces less than twenty-four inches, that of the 
other surfece must be talien greater in proportion, 
according to a certain rule. The radius of one of 
the surraces may always be taken at pleasure : and 
by means of a certain rule Ihe radius of the other 
may be fonmt, in order that the focal distance may 
become the sMHe as if "ach mirface had been formed 
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the Bune focal diatance. 

i«iHM, mtHui^O^firtSatfttt. RaHiu^ at Smut Surface 



IX. 12 iofinity 

In the last form, the radtua of one surface is only 
13 inches, or the half of 34 inches ; but that of the 
other becomes inRoite : or rather, this surface is an 
arch of a circle inliaitely greai ; and as such an arch 
diRors oothinR from a straight line, this may be con- 
sidered as a plane surface, and such a lens is piano- 
Were we to assume the radius of a surface still 
aniRller thsn 12 inclios, the other surface must be 
made coitcaTC, and the lens will become convexo- 
concave ; it will, In that case, bear the name of 
meniicui, several fiKures of which are represented 
in the following table : — 



II 



Here, then, is a new species of lenses, the tost of 




we hare now sixteen diSSrent species, 'S^ — ^ 
which hare *U the laiaft focal distance ; •--■ ~* 
and this is about 93 inches, a little more 
or teas, accordiiig to the natnre of the glufl. 

When, theiefore, the onljr qnustion is, What focal 
distance the low ought to have Mt is a matter of 
indifference according to which of these forms yoa 
go to work ; but there may be a tctt great differ' 
ence in the space of diSbsion to which each species 
to subjected, this apace becoming smaller in some 
than in others. When a simple object-glass is to 
be employed, as is usually done, it is by no means 
indifferent of what figure you assume it, for that 
which produces the smallest space of diffusion ia 
to be preferred. Now, this excellent property does 
not belong to the first species, where the two «ur- 
faces are equal ; but nearly to species Vli., which 
posBesses the quality, that when you ram towards 
the object its more conrei surface, or that whose 
radius is smallest, the apace of diffusion is found to 
be about one-half less than when the lens is equally 
cemvezon both sides: this, therefore, is the most 
advantageous figure for simple obi ecl-ri asses, and 
practitioners are accordingly agreed in tne use of it. 

It is evident, then, that in order to ascertain Iho 
apsce of diffusion of a lens, it is not sufficient to 
know its focal distance ; its species likewise must 
be determined, thnt is, the ndii of each surface ; and 
you nraat carefully distinguish which side is tumed 
to the olnect. 

After this explanatton, it is necessary to remark, 
that in order to discover the combination of two 
lenses which shsll pn>duce no diffusion of image, 
it is absolutely necessary to take into the account 
the figure of iMth surfaces of each giass, and to 
resolve the following problem: WluU tmut U tht 
rada of tkt lurfactt ^ Hbo letua, n ortUr lo ndnes 
to notlmg lie tpte of ddgntiom 1 Tlu solution !•- 

VoLTn—HV 
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qniret the most prarouitd Tes«archea of the most 
Bublinw geometry; and supposing theuo to have 
been successful, the artiBt haa, after all, many diffi- 
culties to surmonal. The basins must hare pre- 
cisely that carve which the calculation indicates; 
nor is that sufficient, for ia the Operation of forming 
the lens on the basin, the basin suffers from tM 
friction io its turn ; hence it becomes necessary to 
rectify its figure from time to time, wiUi all poseiUe 
accuracy, for if all these precautioqf are nut strictly 
obserred, it is impossible to ensure success; and it 
is no easy matter to prevent the lens fiom wraniing 
a ligure somewhat different from that of the basin 
in which it is moulded. You must be seogibie, from 
all this, how difficult it must be to carry to perfec- 
tion this important article in dioptrics. 
20ih Manh, 1769. 
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n by the Tcleicope. Different Refrangiiility of 
Jtayt. 

Y09 have now seen in what manner it may be 
possibto to remedy that defect inlenses which arises 
from the different refraction of rays, as those which 
pass through the extremities of a lens do not meet 
m the same point with those which pass through its 
middle, the effect of which in an InRniiy of images 
dispersed through the space of diffusion. But this 
is not the only defect ; there is another, of so much 
more importance ihat it seems impossible to apply 
a remedy, as the cause exists, not io the glass, but 
in (he nature of the rays themselves. 

You will recollect that there is a great variety in 
rays, with respect to the different colours of which 
tliey convey the impression. 1 have compared this 




pear doubtM, it is bevoadaU doubt that rays of 
oifferent colours likawise unde^ differeat refract 
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dJTeTBitr to that which we meet with in miuical 
notes, luving laid it down as a principle, that each 
colour is attached to acertain number of vibratiam. 
But supposing that this explanation should still ap- 

- - ^- -MM.it ■ '^^' " 

It I 
tions ic 

tioQ, and violet the greatest, though the difference 
is almost imperceptible. Now, all the other colours, 
as oiangov yeHow, green, and blue, are contained, 
with respect to refraction, within these two limits. 
It most likewise ie remariced, that white is a mix- 
tnie of all the colours which by refraction are sep«- 
nted from each other. 

In Esct, when a white ray P, Fig. 191, or a ray 
of the sun, falls obliquely on pig, m, 

a piece of glass A B C D, ^ 
instead of pursoins its course 
in the direction P Q, it not 
<Hily deviates from this, bat j 
divides iuto a variety of rays, 
Pr, Pi, Pi, Pv: the first 
of which P r, the one that 
deviates least, represents ^ 
the red colour, and the last P e, which deviates 
most, the violet colour. The dispersion r u is in- 
deed much smaller than it appears in the 6gUTe; 
the diver^nce, however, always becomes more 
perceptible. 

From this different refrangtbility of rays, accord- 
their different colours, are produced the fol- 




axis of which O R, at a very great distance A O, is 
the object O o, the image of which, as represented 
trf the lens, we are to determine, putting aside here 
the irst irregularity, that which respects diffusion: 
or, which amounts to the same thing, stteading 
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to those Ays only which pass through Fig. 193. 
the centre of the leu A B, as if its ex- Q 
tremitiea freie covered wiih a circle of \ 
pasteboard. 

3. Let us now suppose the object O o 
to be red, no that all ita rays shall be of 
the sime nature; the lens will some- 
where represent the image of it ^ r 
equEtSy red ; the point R is, in this case, 
denominated the focus of the red rays, 
or of those which under^^ Uie least re> 
fraclioti. 

3. But'if the object O o is violet, as 
rtys of tlkif colour undergo the greatest 
remclion; the image V v will be nearer 
Am kna than R r ; tbia point v is called 
the focus of violet rays, 

4. If tlie object were painted acme other inter- 
mediate coloar between red and violet, the imam 
would fall between the points R and V, would 
be always very distiaot, and terminated by th« 
straight line o B, drawn from the extremity o of Um 
object, through the centre of the lens, this being ■ 
general nile for all colours. 

5. But if the colour of the object is not pure, aa 
ts the case in almost all bodies, or if ihe object is 
white, which is a mixture of all coloors, the differ- 
ent species of rays will then be separated by refrac- 
tion, and each will represent an image apart. That 

: which is formed of red rays will be at R r ; and that 
which 19 produced by the violet at V o ; and the 
whole space R V will be filled with images of th« 
Intermediate colours. 

S. The lens P P, then, will represent a succession 
of images of the object o, disposed through the 
small siKtce R V, of which the most remote from 
the lens is red, and the nearest V v violet, and tha 
intermediate images of Ihe intermediate colours. 
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according to the order of the coloara aa they qq;>ear 
in the rainbow. 

7. Each of theie ima^B will^ abundantly die- 
tinct in iteelf, and all lerminatedty the straight line 
a B « r, drawn from the extnmiW o of the object 
through the centra of the lens B ; but they could 
not be viewed together without a very perceptible 
confusion. 

8. Hence, then, is produced a new epace of dif- 
flieien, as in the first irregularity ; but differing from 
it in this — that the latter is independent od the aper- 
Cure of the lens, and that each image is painted of a 
particular colour. 

Q. This space of difiusion R V depends on the 
focal distance of the lens, so as to be ahraya about 
the SBth part ; when, therefore, the focal distance 
of the lens P P is 98 feet, the space R VbebooWB 
equal to an entire foot, that is, the distance between 
the red image R r and the violet Vl^ is one foot 
If the focal distaAce weretwicQ asgrest, orSO feet, 
the apace R V would be twi feet ; uid so of other 
distances. 

10. Hence the calculation of the focal distance of 
a lens becomes uncertain, aa the nye of each colour 
have their separate ' focus ; when, therefore, the 
focuB of a lens is mentioned, it is always necessary 
to announce the colour that we mean. But rays of 
an intermediate nature are eoromonly understood, 
those between red and violet, namely the green. 

It. Thus, when it is said, without further ex- 
idanation, that the focal distance of such a lens is 
H feet, we are to undentand that it is the green 
image which fslls at that distance ; the red image 
will fall about a foot farther off, and the violet a foot 
nearer. 

Here, then, is a new circumstance of essential 
importance, to which attention must be paid in Uw 
conatnictionof dioptrical ioatnimenls, 

SM MMTth. 17B9. 
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It IB necessary carefully to distinguish this new 
^fftiHion or niultiplicatiao of the image, arising from 
the dilTerent refrangibilit; of ravs, as being of difibib 
ent colours from the first dimislon, occasioned br 
the aperture of the lens, inasmuch as the rays nhicti 
pass through the extremities form another image 
than those which pass through its middle. This 
new deft»ct must accordingly be remedied diftereotly 
from t(ie first. 

You will please to recollect that I hare proposed 
two methods for remedying the precediiu defect; 
the one consisted in an increase of the focal dis- 
tance, in o/der to diminish the curre of the surfaces 
of the leiis. This renwdy introduces instruments 
nifying power 
a combination 
D lenses, the one convex and the other con- 
cave, to modify the reTnwtion, so that all the raya 
transmitted through these lenses may meet in the 
«'une point, und the space of diffusion be totally re- 
duced. 

Bat neither of these remedies affords the least as- 
eistance towards removing the inconvenience arising 
from the diffbrent refrangibility of raya. The firvt 
even iiicreusits the evil ; for the more that the focti 
distunce it increased, the more considerable becomes 
the space through which the coloured imases are 
dispersed. Neither does the combination Of two or 
more lenses furnish any assistance ; for we are as- 
aured, from both theory and experience, that tha 
images of difT^ren) colours remain always separated, 
however great the niuuber Of lenses throngn which 
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tiie ny* are transmitted, and that the more the tens 
msurnifles, the more the difference increasea. 

lltiB dilDGulty appeared so formidable \a the great 
NfBton, that he despaired of finding a remedv for s 
defect which he belieyed absolutely inseparable from 
dioptrical instruments, when the vieion is prodnced 
b^ redacted rays. For this reason he resolved to 
give upreAnction altogether, and to employ mirrDra 
instead of object-giasses, aa reflection is always the 
same for raya of every nature. This idea has pro- 
cared for us those excellent reSecting telescopes, 
whose surprising effects are so Justly admired, and 
which I shall describe after I have explained every 
thing relative to refractive ioBtrumenta. 

On being convinced that it was impossible to 
remedy the different refrangibility of rays by a 
combination of several lenses, I remailced that the 
reason of it was founded on the law of refraction, 
which is the same in every species of glasses ; end 
I perceived that if it were possible to employ other 
transparent substances, whose refraction shotdd be 
considerably different from that of glass, it might be 
very possible to combine such substance with ^ass, 
in such a manner that all theraj^ssbould unite in the 
formation of a single image, without any space of 
difliisioQ. In pursuance of this idea, I found means 
tocomposeobject-glasses of glass and water, wholly 
exempt from the effect of the different refrangibility 
of rays, which consequently wouM produce as good 
an effect as mirrorm. 

I executed my idea with two mcnis- Fig. 193. 
cuses, or concavo-convex lenses, F^.103, Aa 
the one of which is A A C C, and the A\ 
other B B C C, which I joined together ■ 
with the concave surfaces towards each IH 
other, filling the void between them with ^^ 
water, so that the rays which entered by 
the lens A A C C must pass through the water en- 
closed between the two lenses, before they went off 
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througb C C B B. Each ray undergoes, then, foor 
refractions: the first on passing from the air into 
the lenB A A C C ; the second on paaaing from this 
lens into the water ; the third on passing thence into 
the other lena C C B B ; the fourth on passing from 
this lens into the air. 

As the four surfaces of these two lenses here ea- 
ter into consideration, I found means to determine 
their semi-diameters, so that of whatever colour a 
ray of light might be. Biter having undergone these 
four refractions, it sbould reunite in the same point, 
and the ijifferent refrangibility no longer inoduce 
different images. 

These Object-glasses, compounded of two lenses 
and water, were found subject at first to the former 
defect, namely, that of the tays which pass through 
the extremities forming a diffbrent focus from wlmt 
ia formed by those which pass through the middle; 
but, ader much painful research, I found means to 
proportion the radii of the four surfaces in such a 
manner that these compound objecUglasses became 
whiilly exempted from tne defects of boththe classes 
specified. But it was necessary, to this effect, to 
execute so exactly all the measurements prescribed 
by the calculation, that the slighteet aberration must 
become fatal to the whole process ; 1 was therefore 
obliged to abandon the construction of these object- 
glasses.* 

Besides, this project could remedy only the incon- 
veniences which affect the object-glass, and the eye- 
glass might still labour under some defect hs great, 
which it would be impossible to remedy in the same 
manner. Several eye-glasses are frequently em- 
ployed in the construction of telescopes, which I 
shall describe anerward : we shotild not, therefore, 
gain much by a too scrupulous adherence to the ob- 
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Ject-glaM only, wfaQe we overlook the other lenMa, 
though tbeir oBect may not be greatly perceptiMe 
relatively to that of the object-glua. 

But whatever pains these researches bay hare 
coet me, I frankly declare that I entirely give up at 
present the construction of object-dsswea com- 
pounded of glaseee and water; as weU on account 
of the difficulty of execution, as that I have sincB 
discovered other means, not of deatroying the etf^t 
of the different refrangibility of ravs, but of render- 
ing it imperceptible.. This shall be tbe aobject of 
my next Letter. 

Sith MvvA, 1762. 



LETTER CIV. 

Oiitr Meant mere pnteticatU. 

SiHc* the reflecting telescope came into geoersl 
uae,rerractiDgoneihave been so run down tlut they 
are on the point of being wholly laid aside. The 
construction of them has acoordingly for some tinie 
past been wholly suspended, under a firm persuasion 
that every effort to raise them to a state of per^ 
fection would be useless, as the great Naaloa had 
demonstrated that the insurmountable difficulties 
arising from the diRiarent refVangibiUty of lays was 
absolutely inseparable from the construction of tale- 

If this sentiment be well founded, there is no 
telescope capable of representing objects but with a 
confusion insupportable in proportion to the great- 
ness of the magnifying power. However, though 
there are telescopes extremely defective in this 
respect, we likewise meet with some that are excel- 
leot, and nowise inferior to the so much boosted 
reflecting telescopes. This is undoubtedly a very 
great paradox j for if this defect really attached to 
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the subject, we should not find a einrie ezceptim. 
Such an exception, therefore— and we bsve the teati- 
mony ofexperiencethat it exiats— well merit* eveiy 
de^ee of attention. 

We are to inquire, then, how it happens that cer- 
tain telescopes represent the object abundantly dis- 
tinct, while others are but loo much subject to the 
defect occuBJODed by the different refrangibili^ of 
rays, t think I hare discovered the reason, which 
I submit in the following refiections : — 

1. It is indubitably certain that the object-glnss 
represents an infinity of images of eacn omect, 
which are all arranged over the same ^>ace of difiii- 
sion, and each of which is painted its own proper 
colour, as I have demonstrated in the preceding 
Utter. 

3. Each of these images becomes an object, with 
respect to the eye-glass, which represents each sep- 
arately, in the colour proper to it ; so that the eye 
discovers, through the telescope, an infinity of im- 
ages, disposed in a certain order, according to the 
refraction of the lens. 

3. And if, instead of one e^e-glaas, we were to 
employ sei:eral, the same thing will always take 
place, and instead of one image, the telescope will 
represent an infinity to the eye, or a series of h 



presented by the telescope to an eye placed at O, 
and let R r be the red image, and V « the violet, those 
ot the other colours being between these two, a4^ 
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cotdiog to the order of their different refrangibility. 
I have not in this figure introduced the lensea of the 
tdeecope, the only point at present being to sboir 
in what manner the eye sees the images. Only we 
must conceive the distance of the eye O from tnese 
images to be very great. 

b. All these images R r and V e, with the inter- 
mediate, are Eituated, then, on the axis or the tele- 
scope R V, and tenninated by a certain straight 
line, r c, denominated the terminatrix of all the 
images, 

B. As I have represented these images in the 
figure, the red image R r is seen by the eye at 0, 
under the angle R r, which is greater than the 
angle V v, under which the violet image V « is 
seen. The violet rays which, from the image V c, 
enter into the eye, are therefore blended with the 
red which come from the part R r of the red image 
Rr. 

7. Consequently, the eye cannot see the violet 
image without a mixture of rays of other colours, 
but which correspond to different points of the ob- 
ject itself) thus tlie point n of the red image is 
confounded in the eye with the extremity v of the 
violet image, from which a very great confusion 

8. But the ray r O not being mixed with the 
others, the extremity seen will appear red, or the 
image will seem bordered with red, which afterward 
successively blends with these other colours, so that 
the object will appear with a party-coloured border; 
a fault very common in telescopes, lo which some, 
however, are leas subject than others. 

9. If the greater image R r were the violet, and 
V V the red, the confusion would be equally offen- 
sive, with this difference only, that the extremities 
of the object would then appear bordered with Tto- 
tet instead of red. 

10. The confusion depends, then, on the position 
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of the tcrminaiiiig atraight line r v with lelBtion to 
the line V O, uu the diTeraity which may take 
place in it ; the result miut be, that the conAisiaii 
will be sometimes greater and sometimeB leas. 

U. Let ui now consider the case in which the 
last imsges represented by the telescope are so 
■nuged, that the straight termiaating line e r, being 
produced, would pass precisely into the eye. Ths 
eye will then see, Fig. 195, along a single ray « r Ot 
Fig. lOS. 



all the extremities ; and. In general, all the points 
which correspond to one and the same point of the 
object will be conveyed to the eye by a single ray, 
and will there, consequently, be distinctly repre- 
sented. 

IS. Here, then, is a case in which, notwithstand- 
ing the diversity of images, the eye may see the 
abject distinctly, without any confusion of the dif- 
fereot parts, as happened in the preceding case. 
This advantage, then, will be obtained when the ter- 
minating line o r, being produced, passes through 
the place of the eye 0. 

13. As the arrangement of the last Images R f 
and V c depends on the disposition of the eye-glasses, 
in order to rescue telescopes from the deiect im- 
puted to them, nothing more is requisite but to 
arran^je these lenses in such a manner that the ter- 
minatmg line of the last images u r shall past 
through the eye; and telescopes thus constructed 
will dwa}^ be excellent. 

30(A More*, 1782. 
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LETTER CV. 
JltMptlMfafWR ^ (Ac QHolititt tf't goad Ttitteopt. 

On Ukhig a ^neral review of the subject, you 
will readily admit that ui excellent telecci^M is a 
moat v»liu^ commodity, but rarely to \m met with, 
being subject to ao msvy defects, uid so many quKli- 
tiea beiig roquiute, each of which bas an easential 
influence on tbe construction of the inatniment. 
As Hie niunbeT of the «rood qualities is considerable, 
iit order that bo one of tbem nuy escape your ob* 
aemtioo, I shall sgam go over the f^ouitd, and 
Diake 8 distinct enuinerstion of tbem. 

1. The first retpecte the lOEigtiiryiiig power ; and 
the more that a telescope mBgntfies objects, tbe 
store perfect uniloubledly it is, provided that no 
other good gualitv is wRiitlng-. Now, the mafiaily- 
ing power is to M estimated from Uie number of 
times that (bediaraeter of the object appears ^rreaier 
than to the naked eye. You will recollect that, in 
telescopes of two tenses, the magnifying power is 
to nsny limes (greater as the focal distance of the 
object-glass exceeds that of tbe eye-glass. In tele* 
scopes coBBtstin? of more lenses than two, the 
detennioalloD of tho magnifying power is more in- 
tricate. 

9. The eeeond property of a good teleecope is 
brightness. It is always very defective whea it rep- 
resents the object obscurely, and as thronf^ a mist. 
In order to svoid this defect, the object-glass mnst 
be of snoh a sise a« is regvlated by the magnifyiiv 
power. AttiHis have determined that, in order to 
Ma|!nify aoo times, the aperture of die object-glass 
ought to be three inches diameter; and for every 
olber ■agnifyiog power in prop(»iion. And when 
oUectt aro not vmr InmiMut of ilisouwifeat it 

Vofc. U.— I i 
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would be proper to employ objecl-glasaeB of a stiU 
^ater diameter. 

3. The third quality is distinctness or accuracy 
of repreaentation. In order to produce this, the rays 
which ptus througti the extremities of the objeot- 
glaas ought to meet in the same point with those 
which p^ through the middle, or at least the aber- 
ration ahonld not be perceptible. Whea a simple 
object'glass ia employed, its focal distance must 
exceed a certaiD limit proportional to the magniiy~ 
log power. Thus, if you wish to magnify 100 times, 
the focal distance of the object-glaes must be at 
'east 30 feet. It is the destination, therefore, which 
impoies the necessity of making telracopes so ex- 
ceaeively long, if we want to obtain a very great 
magnifying power. Now, in order to remedy this 
defect, an object-elasa composed of two lenses may 
be employed ; and could artists succeed in the con- 
struction of them, we should be enabled very con- 
siderably to shorten telescopes, white the same 
magnifying power remained. You will have Vtm 
goodness to recollect what I have already suggested 
at some length on this subject. 

4. The fourth quality regards lUcewise the dta- 
tinctnesB or purity of representatioQ, as far as it is 
affected by the ditTerent refrangibility of rays of 
different colours. I hare shown how that defect 
may be remedied ; and as it is impossible that the 
images formed by different rays should be collected 
in a single one, the point in question is to arrance 
the lenses in the manner 1 have described ii 



preceding Letter ; that is, the terminating line of tho 
last images must pass through the eye. Wit' 
this, the telescope will hare the defect of t< 



senting objects surrounded with the colours of ttte 
rainbow; Emtthe defect will disappear on ■rranffin^ 
the lenses in the method I have pointed out. But 



to this effect, more than two lenaes must be em- 
[doyed, ta order to a ptopct umgemeitL 1 Yun 
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hitberto apokeo only. of telescopes with two lenseB, 
one of which is the object-elats, and the other the 
eye-^ais; and you know that their distance trom 
each other is already determined by their focal dis- 
tances, so that here we are not «t liberty to make 
any alteration. It happens, fortunately, however, 
that the terminating line which 1 have mentioned 
passes nearly through the pUce of the eye, so that 
the defect arising from the colours of the rainbow 
is almost impsrceptible, provided the preceding de- 
fect is remedied, especially when the rasgnifying 
power, is not very great. But when the power is 
considerable, it would be I'roper to employ two eye- 
glasses, in order entirely to snnihilste the coloun 
of the rainbow, as in this case the slightest defects, 
being equally magniSed, become insnpportaUe. 

6. The fifth and last good quality of a telescope 
is a large apparent field, or the space which the in- 
atmment discovers at once. You recollect that 
small pocket-glasses with a concave eye-glaas are 
subject to the defect of presenting s very small 
field, which renders them incapable of magnifying 
greatlv. The other species, that with a convex 
•ye-guas, is less subject to Ibis defect ; but as it ■ 
Tepresents the object inverted, telescopes of the first 
species would be preferable, did they discover a 
Isi^r field, which depends on the diameter of the 
aperture of the eye-glass ; and you know we can- 
not increase this aperture at pleasure, because it is 
determined by focal distance. Hut by employing 
two or three, or even more eye-glasses, we have 
foimd means to render the apparent fidd greater ; 
and this is an additional reason for employing seve- 
ral lenses in order to procure a telescope in all re- 
lipects excellent. 

To these good qualities another may be still added, 
that the representation shall not be mverted by the 
instrument, ashy astronomical telescopes. But this 
defect may be easHy remedied, if it be one, by the 
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MlditiOD of two mere eys-gbuseB, u I rtid ihov 
in mjr next Letter. 
ad AfriJ, 1769. 



LETTER Cvr. 
Temttrial TtUtccpe* aitk four Lmttt. 

I BATB treated at coneideroble length oT teleeeopes 
coD^iowd of two convex l«wes, known bf the name 
«r artronomic^ tubes, because they *e commonly 
need for obeerring the heawnly bodies. 

You will readily Gompret>end tbat the ose of bwA 
instraments, however excellent they may be, is 
limited to the heavens, because they Tepresent ob- 
jeelB in en inverted position, which is Very awkward 
in coDtem plating terrestrial bodies, as we «'Ould 
father wish to view them in their natnral situation ; 
but on the discovery of this species of telescope, 
tneans were quickly fonnd of remedying that defect, 
tni donbUng, if I may say so, the same telescope. 
For as two lenses invert the object, or represent Uw 
image inverted, by Joining a simitar telescope to tin 
fanner, for viewing the same image, it is again in- 
verted, and this second representation will ezhflA 
the object upright. Hence aroee a new speoiea of 
telescopes, composed of four lenses, called tenres- 
trial teteecopes, from their being designed to con- 
template terrestrial objects; and the method of 
constraciing them follows. 

i. The four lenses A, B, C, D, Pig- W», encloMd 
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In the tobe M H N N, ie[H«aeflt the telescope in 
question ; the first of which, A, directed towards the 
ot^ect, iadeDOminated the object-RlasB,Rnd the other 
three, B C D, the eye-gUaB. These four lenses 
are all convex, and the eye must be placed at the 
eitreioity of the tube, at a certain distance (Vom the 
Isat eye-glaes D, the determination of which shall 
be afterward e^lained. 

9. Let oa consider the effect which each lens 
■XMt produce when the object O 0, which is viewed 
through the telescope, is at a very great distance. 
The o^ect-^w will first represent the ima^e of 
tbia object at P ^, its focal distance, the ma^itude 
at the image being determined by the Btra.ight line 
4rawn from the extremity through the centre of 
the lens A. This liiie is not represented in the 
figure^ that it maj not be embarrassed with too many 

3. This image P p occupies the place of the ob- 
ject with respect to the second lens B, which Is 
placed in such a manner that the interval B P shall 
be equal to its focal distance, In order that the 
second image may be thence transported to an infi- 
nite distance, as Q 9, which will be inverted as the 
first P o, and terminated by the straight line drawn 
from ttte centre of the fens B through the ex- 
tremity p. 

4. The interval between these two first lenses 

A, B is equal, therefore, to the sum of their focal 
diatances ; and were the eye placed behind the lens 

B, we should have an astronomical telescope, through 
which the object O would be seen at Q g, and 
consequently inverted, and magnified as ma^ times 
a9 the distance A F exceeds the distanee B P. But 
instead of the eye, we place behind the lens B, at 
soma (kstance, the third lens C, with respect to 
which the image Q g ocnipies the place of the ob- 
ject, aa in fact it receives the rays from this image 
Q t* which being at a very great distance, the lem 
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O win repi:«sent IM imRge of it, it ita focal < 



wilt be nprigtit, and teniiiaated by the straight 
drawn fMm the extremity g throu^ the centra of 
the lens C, which will pus through the point r. 
CoDSequently the three lenses A, B, C together rep- 
resent ibe object O ti at R r, and this image R r m 
upright. 

f). Finally, we have only to place the lut lens in 
mch a manner that the interv^ D R shall tw equal 
te its focal distance ; this lenB D will again trans- 
port the image R r to an infinite distance, aa 8 «, 
the extremity of which t will be determined by the 
straight line drawn from the centre of the lena D 



real object o. 

7. Hence it Is easy to ascertain how many tinies 
this telescope, composed of four lenses, mnst mag- 
nify the object ; yon have only to attend to the two 
couple of lenses. A, B and C, D, each of whii^ 
ssparately would be an astronomical telesoope. 
The first pair of lenses A and B masnifies as manjr 
times as the focal distance of the flrst tons A ex- 
ceeds that of the second lens B ; and so many times 
will the image formed by it, Q q, exceed the real 
object O 0. . 

8. Further, this image Q q occupying the idac« 
of the object with respect to the other pair of lenaea 
C and D, it will be again multiplied as many tittea 
as the focal distance of the lens C exceeds that of 
the lens D. These two magnifying powen addad 
gi*e the whole magnifying power prodnced by th» 
RMir lenses. 

0. If, then, the first pair of lenses, A and B, mag. 
mfy ten times, and the other pair, C and D, thres 
times, the telescope will magnify the object tliricB 
tm, that is, thirty times; and the apertOM of fte 




otject-glan A mat comapond to this miwiiifyiiig 
power, according to the nile fotmcrl)' laid oown. 

10. Hence you >ee, then, that on separating from 
« terreatrial telescope the two last lenaea C and D, 
there woaM remain an astronomical teleacope, and 
that tbcM two leoMB C and D would likewiae form 
■uch a teleacope. A terreatrial talesc<4)e, therefore, 
co:uist8oftwDB8tronomicat«ie«; and reciprocally, 
two aatronomical leleacopea combined form a ter- 
reatrial om. 

This coDBtnietion is susceptible of endlcM taria- 
tiODS, some preferable to others, as 1 shall afterwald 
^demonstrate. 

9ihArrii,noa. 

LETTER evil. 

AirmKgrntttit of Ltruet in TetrtMlriat TtUMCoptt. 

You have seen how, by the addition of two coo- 
-vex lensee to an astronomical telescope, h terrea- 
trial one it produced, which represents the object 
upnutat. The four lenses of which a terrestrial tele- 
scope is composed are ausceplible of an infiDite 
vanety of amuBemeat, with respect to both focus 
and distance, f shall explain those which are of 
most eaaential importance, and refer yon to Fig. IH. 

Fig. 196. 

^A i— f— fg 



I. With respect to their distancea, I have already 
remarked that the interval between the two flrat 
lensee, A and B, is the sum of their focal distances ; 
and the same thing holds as to the last leoaee C and 
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D: for etch pair may be coosideved as a sunol* 
telescope, composed of two coavex lenses. But 
what must be the interval between ibe two niLddle 
lenses B and CI itay it be fixed at pleasure 1 Ab 
it is certain thai whether this interval be great or 
■mall, the magnifying power, always componoded 
of the two which each pair would proauce Beparately. 
must continue the same. 

a. On consulting experience we soon perceive 
that when the two middle lenses are placed very near 
each other, the apparent field almost entirely van- 
iahes ; and the same thing takes place when tbey are 
too far separated. Inboth cases, to whatever Object 
the telescope is pointed, we discover only a very 
small part of it. 

3. For this reason artists bring the last pair of 
lenses nearer to the first, or remove them to a 
greater distance, till they discover the largest field, 
and delay fixing the lenses till they have muod this 
situation. Now they have observed, that in settling 
this most advantageous arrangement, the distance 
of the middle lenses, B aod C, is always greator 
than the sum of the focal distances of these same 
two lenses. 

4. ¥ou will readily conclude that this distance 
cannot depend on chance, but must be supported by 
a tiieory, and that affording a termination much moie 
exact than witat experience alone could have fur- 
nished. As it is the duty of a natural philosopher 
to investigate the causes of all the phenomena wnich 
experience discovers, I proceed to unfold the true 
principles which determine the most advantagoous 
distance B C between the two middle lenses. For 
this purpose I refer to Fig. 197. 

Fig. 187. 




n TMtRUTRlAL TELMCOPKB. S6T 

5. As all th« rays must be conveyed to the eys, 
let us attend to the direction of that one which, pro- 
ceeding from the extremity O of the visible object, 
puses through the centre A of the object-glaaa ; for 
nnlecs this ray is conveyed to the eye, this extremity 
O will not be visible. Now thie ray undergoes no 
refraction in the object-glass, for it passes throush 
the centre A ; it will therefore proceed in a atrsight 
line to the second lena, which it will meet in its ex- 
tremity b, na this is the last ray transmitted through 
the lenses. 

6. This ray, being refracted by the second lens, 
will change it* direction so u to meet somewhere 
st n the HXis of the lenses ; this would have h^>- 
penad to be the focus cf (his lens, had the ray A t 
Deen parallel to the axis : hut as it proceeds from 
the point A, its reunion with the axis at n wiU be 
more distant from the lena B than its focal distance. 

7. We must now place the third lens C in such a 
manner that the ray, after having crossed the axis 
at n, may meet it exactly in its extremity e ; from 
which it is evident, that the greater the aperture of 
this kns C is, the farther it mait be removed from 
the lensB, and the oreater the interval BC becomes: 
but, on the other hand, care must be taken not to 
niaove the lena C beyond that point, as in this ease 
the rsy would escape it, and be transmitted no far- 
ther. This circumstance, then, determines the just 
distance between the two middle lenses B and C, 



ttie ray tn question, which wiU convey it precitely 
to the extremity rf of the last eye-^ass D, which, 
betag smaller than C, will reader the line c d some- 
what convergent towards the axis, and will thos 
mtdergo, in the last lens, such a degree of refraction 
M will retinite it with the axis at lees than its focal 
distance; and there it is exactly that the eye most 
be placed, in order to receive all the twf» traiw- 



we obtain a double advaptage ; the 
sented upright, and a much larger fi 
^both circumstances of much impc 

10. Finally, it is possible to find i 
raent of Ihese four lenses as, withou 
ef the adrantages now mentioned, j 
away the defect arising from the col 
bow, and at the same time represen 
all possible distinctness. But few J 
this degree of perfection. 

lOM April, 1762. 

LETTER CVIIL 

Precauiunu to he observed in the Con 
scopes. Necessity of hhckemng tht 
Diaphragms. 

ArTKR these researches respecti 
tion of telescopes, I must suggest an 
precautions necessary to be used 
they relate neither to the lenses tl 
their arrangement, are neverthelesi 
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1. The lensea of which a telescope is compoMd 
must be enclosed in a tuhe, that no other raya ex- 
cept those which are transmitted through Iheobject- 
riass may teach the other lenses. For this enect, 
the tube must be so very close throughout that no 
chink admits the smallest portion of light. If by any 
accident the tube shall be perforated ever so slightly, 
the extraneous light admitted would confound tha 
representation of the object. 

2. It is likewise nf Importance to blacken through* 
out the inside of the telescope, of the deepest black 
possible, as it is well known that this colour does 
not reflect the raya of light, be they ever so power- 
ful. You must ha*e observed, accordingly, that tho 
tubes of telescopes are always blackened inteitially. 
A single reflection will show the necessity of it, 

3. The objeol-glass A, Fig. 199, trans- 
mits, not only the rays of the object rep- Fig. IQf. 
resented by the telescope, but those also 
which by the extremities enter all around 
it) ^3t abundance ; such is thn ray b a, 
which falls on the inside upon the frame 
of the tube ati: if, therefore, the tube 
were white inwardly, or of any other 
colour, it would be illuminated by this 
ray, and of itself would generate new 
rays of light, which must of necessity be 
conveyed through the other lenses, and 
disturb the representation, by mingling 
with the proper rays of the object. 

4. But if the inside of the tube be 
blackeded deeply, no new rays will be 
produced, let the light be ever so strong. This 
blackening must be carried through the whole length 
of the telescope, as there is no black so deep as not 
to generate, when illuminated, some faint light. 
Supposing, then, that some extraneous rays were 
to make their way to the second lens B, the black 
at th« tube, puisoing tbeir coiuae, would easily 
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absoib Onm attogeOier. There is b brilliaot bUek, 
which, for thli reasoD, it would be very iroproiMT to 
etnplof. 

5. But even this pmantion is not snflBeirat, it is 
neceBsar]' likewise to furnish the inside of the tube 
with one or more diaphragms, perforated with a small 
circular nperture, the better to exclude all extmieons 
liKht; but care must be taken that they do not ex- 
clude the rays of the object which the iostrument is 
intended to represent. See Ftg. t08. 

0. It is necessHry to observe at what Fig. 198. 
place in the tube the proper rays of the a . 

abject are most contracted ; this must bo 
at the points where their images an 
represented, for there all the rays are 
collected together. Now, the object- 
glass A represents the image in its focus 
at M. You have only, then, to compute 
the magnitude of this image, and there 
to fix your diaphragm, whose aperture 
tnn shall be equaLto the magnitude of the 
image, or rather somewhat greater. For 
if the aperture were leM than the image, 
there would be a proportionnl loss of uie 
apparent field, which is alwaya a great 
defect. 

7. These are the observations respecting tbe dia- 
phragm which apply to astronomical telescopes 
composed of two convex lenses. In teneatrial tele- 
sco|h;s two images are represented within the tube ; 
besides the first at M, represented by the object- 
glass inits focus, and which the second lens B tran>- 
portsto an infinite distance, the third lens represents 
a second image in its focus N, which is uprigM, 
whereas the forraerwas inverted. At N. therefore, 
is the proper place to fix a second diaphrBgvi perfo- 
rated with an apertnre n n, of the raagnlt)^ of tte 
image there represented. 

B. These diafiitagiu. aided Iqr the ^Xllawlft^ tt 
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tho iniide of the tube, produce likewiM an excellent 
•Act with n^wct to aiBliiictiiesaof repreaenUtion. 
It rnnat be careTully obaerred, botrever, that the 
greater the field is which the telescope discovers, 
the less is to be expected from these diaphraHms, as 
in that caee the iniBceB become grealet, so that the 
apertore of the dia|»ragmB must be so enhitged as 
to render them incuiable of any longer excluding the 
extraneous rays. So macb the greater care, there- 
fore, must be taken thoroughiy to blackeu the inside 
«f the tube, and to make it larger, which consider- 
ably dinUnishes the uafdeasant effect of which I tuve 
been speakiug. 
13M Afrii, 1769. 
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tatt apptar imaUer thrimgh the Teiescopt than to the 
naied£ye. Calculation of the Dutence ofiht Fixed 
SUrt, fiern a Comperiton of their apparent ilagni- 
tu4a mlh that of the Sun. 

I AM persosded, that by tiiis time you are very 
well pleased to be relieved at length from the dry 
theory of telescopes, which is rendered ngreeabw 
only by the importance of Ihe discoTeries which 
Ihey have enabled us to make. 

What pleaaina surprise is felt on seeing very dis- 
tort objects as diHtinclly us if (hey were one hundred 
limes nearer to us, nr more eapeciiiUy in cases wberw 
there is no poBsibility of reaching them, which holds 
with respect to Ibe heavenly bodies ! And vim are 
already disposed to admit, thai wjlh the aid of the 
telescope many wonderful things relating to the stars 
fcsve been diacoverert. 

On viewing the moon one bandied times aeaier 

Vol. II.— K k 
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depths, which from their regularity reaemble rather 
works of BTt than natural mountains. Hence a 
very plausible srpiment is deduced to prove that 
the moon is inhabited by reasonable creatures. But 
we have jvoofs still more satisfactory in stniplT 
contemplating the almighty power, in union with 
the sovereign wisdom and goodness of the Great 
Creator. 

Thus the most important diBCOverica have t>eeii 
made respecUtw the planets, which, to the unassisted 
eye, ^pear only as so many luminous points ; but 
which, viewed through a good telescope, resemble 
the moon, and appear even still much greater. 

But you will bo not a little surprised, when I 
assure you that with the assistance of the best tele- 
scope, even one which magniliea more than two 
hundred times, the fixed stars still appear onlyaa 
points, nay, etiU smaller than to the naked eye. This 
IS so much the more astonishing, that it is certain 
the telescope represente them such as they would 
appear were we two hundred times nearer. .Are we 
not hence reduced to the necessity of concluding, 
that here telescopes fail to produce their effect! 
But this idea presently vanishes, on considering that 
thev discover lo us millions of little stars which, 
without their aid, must have for ever escaped the 
eye. We likewise perceive the distances between 
the stare incomparably greater ; for two stars which 
to the naked eye aeemea almost to touch each other, 
when viewed through the telescope are seen at a 
very considerable distance ; a sufficient proof of the 
effect of the telescope. 

What, then, is the reason that the (ised Stars ap- 
pear to tis smaller through the telescope than to the 
naked eye ^ In resolving this question, I remark, 
first, that the fixed stars appear greater to the naked 
eye than they ought to do, and that this arises from 
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K false light occasioned by Iheir twinkling. In fact, 
when the rays proceeding from a star come to paint 
their image at the bottom of the eye, oa the tetina, 
OUT nerves are slrack by it only in one point ; bat 
by the luatreof the light the adjacent nerves likewise 
undergo a coiicusaion, and produce the same feeling 
which would be communicated if the image of the 
object painted on the retina were much greater. 
This happens on looking, in the night, at a very 
distant light. It appears much greater than wben 
w6 view it at a smaU distance ; and this increase of 
magnitude is occasioned only by a false glare. Now, 
the mora that a telescope magnifieB, the more this 
accident must diminish ; not only because the rays 
are thereby rendered somewhat fointer, but because 
the real image at the bottom of the eye becomes 
greater ; so thai it is no longer a single point which 
suMwrts the whole impression of the rays. * Accord- 
ingly, however small the stars may appear throiu^ 
a telescope, we may conlidently affirm, that to the 
naked eye they would appear still much smaller but 
for this accidental false light, and that as many times 
as the telescope magnifies. 

Hence it follows, that as the Rxed stars appear 
only like so many points, though magnified more 
than UOO times, their dist^ince must be inconceivable. 
It will be easy for you to form a judgment how this 
distance may be computed. The diameter of the 
sun appears under an anffle of 33 minutes : if, there- 
fore, the sun were 32 times farther off, he would 
appear under an angle of one minute ; and, conse- 
auently, still much greater than a fixed star viewed 
tnrou^ the telescope, the diameter of which does 
not exceed two seconds, or the thirtieth part of a 
minute. The sun, therefore, must be thiily times 
more, that is 960 times, farther removed, before his 
appearance coitld be reduced to that of a fijed star 
omerved with the assistance of a telescope. But 
tbiR lixed star is 200 times farther off than the tele* 
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■cope repreHnta it ; and, consequently, the sun nort 
be aoo times 960, that is, 199,000 timee farther off 
than he is, before he could be reduced to the appear- 
ance of a lixed star. It foUowa, that if the fixed 
stara were bodies as large as the sun, their distancet 
would be 199,000 times greaier than that of the sun. 
Were thef stiU greater, their distances must be still 
BO many times greater; and suf^sing them even 
many tintes smaller, their distances most always be 
more than a thonsand times greater than that of the 
Sim. Now the distance of the ami from our globe is 
•boot 9S,000,000 of Eng^'sh miles. 

It is impossible, undoubtedly, to think of this ira* 
mense distance of the fixed stars, and of the extent 
of the whole imiverse. without astonishment. What 
must be the power of that Great Being who created 
this vast .fabric, and who is the absolute Master ttf 
it * Let us adore Him with the most piofoaiidT«n- 
oration. 

17(A AprU, 1763. 



Why do the Moon and the Sun appear greater at ritmg 
and letting than at a certain Elevation T Diffit^titt 
attending the Solution of this Pltenomenon. 

Yoo must have frequently remarked, that the moon 
at rising and setting appears much larger than when 
ahe is considerably anove the horizon ; and every 
one mustgive testimony to the truth of this phenom- 
enon. The same observation has been made with 
reapect to the sun. This appearance has long been 
a stumblinir-block to philosophers ; and, viewed in 
whatever liRht, difflculties almost insuperable pre. 
sent themselves. 

It would be ridiculous to conclude that the 
moon's body is really greater when she is in' the 
horizon than when ahe has attained her peateat 
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«leTatioii. For, besides that such an idea would be 
absurd in itseir, it must be coDBidered, that when 
the moon appears to ub in the horizon she appeals 
to other inhabitants oroiir ^obe more elevated, (ind 
CDtisequentlf smaller. Now, it is impossible that 
the same body should be at the same time greater 
and sm alter. 

It would be almost equally ridiculoua to attempt 
the solution of this strange phenomenon by sup- 
posing that the moon is nearer to us when ene ap- 
pears in the horizon than when she is arrived at a 
n'eat elevation, Trom our certain knowledge that a 
body i^ipeara greater in proportion as it is nearer 
UB ; and you know that the more distant any object 
is, the smaller it appears. 11 is Tor this reason pre- 
cisely that the stare appear bo extremely small, 
though their real magnitude be prodigious. 

But however plausible this idea may seem, it is 
totally destitute of fouodacion ; for it is undoubtedly 
certain, that the moon is at a greater distance from 
UB at tiaing and setting, than when at a greater ele- 
vation. The demonstration follows : Fig. 900. 

Let the clrcte A B D be the earth, 
and the moon at L. This being laid Fig. 900. 
down, an inhabitant at A will see the 
moon in his zenith, or the most elevated 
point of the heavens. But another 
inhabitant at D, where the line D L 
touches the surface of the earth, will 
see the moon at the same lime in his 
horizon ; so that the moon will appear, 
at the same instant, to the spectator A 
in his zenith, and to the other spectator 
D in his horizon. It ia evident, how- 
ever, that the last distance D L is 
greater than the first A L, and conse- 
ouently the moon is more distant from 
those who see her in the horizon than 
from those who aee her near their 
Kka 
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zenith. Hence it clsurly foUowa, that the moon, 
when aeen in the borizon, ought to appear BinalLsr, 
beiog then in fact Tarther froni ua than when arrived 
at a max elevation. 11 is aetoniahiog, therefore, 
that (jtaemtion should be in direct contrwliction to 
this, and that the moon should appear much greater 
when viewed near the horizon than in the Bummit 
of the beaveas. 

The more this phenomenon is inveatigoted, the 
more strange it appears, and the more irortby of at- 
tention : it oeing undoubtedly certain tbat the moon, 
when most remote, that is, in the horizon, ought to 
appear smaller, whereaa, neverthelesa, every one is 
decidedly of opinion that ahe then appears consid* 
erably greater. This contradiction is evident, and 
even seems to overturn all the principles laid down 
in optics, which, however, are as clearly demonstra- 
ble as any in geometry. 

I have purposely endeavoured to set this difflcuttjr 
in its strongest Ught, in onler to make you the more 
aenaible of the importance of the true solution. 
Without entering into a discussion of this universal 
judgment, formed from appearances, re^wcting ctM 
pr^igious magnitude of the moon in the horizon, I 
shall confine myself to the principal question : Is it 
true, in fact, that the moon, when near the horizon, 
actually appeara greater * 

You know that we are poesessdd of infaDible' 
means of exactly measuring the heavenly bodiea, by 
ascertaining the number of degrees and minutM 
which they occupy in the heavens ; or, which 
amounts to the same thing, by measuting, Pig. SOI, 
the angle EOF, formed by the linea E O and F O, 

Fig, 901. 
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drswn from the opposite points of the moon to the 
070 of the spectator O ; and this ai^le E O P is what 
we call the appHrent diameter of the niooo. We 
bare likewise instraments perfectly adapted to the 
porpose of eiacil]' determiaing this angle. Now, 
when we etnploy such an instrument in measuring 
the moon's diameter, first at her rising, and after- 
ward, when she has ^ined her greatest elevatun, 
we actB&ny find her diameter somewhat less in the 
first case than in the other, as the ine<]na]itf of dis- 
tance requires. There cannot remain the shadow 
of donbt as to this ; but, for that very reason, the 
dificnltj, instead of diminishing, gathers strength; 
and it win be asked with so much the more eajer- 
aeas. How comes it that the whole world a^reA in 
inngininK the moon to be greater when nsing or 
Mttinp, uiougb her appHrent diameter is then in 
reality smaller ? and. What can be the reason of this 
detnaion, to which men are universally subject! 
The astronomer, who knows perfectly well that the 
moon's ipparent diameter is then smaller, falls ner- 
ertbeless mto the same deception as the most igno- 
rant clown. 
aoa Afhl, 1709. 

LETTPR CXI. 

K^fitetiau <m the QuetUim reipectmg the MooiCt ap> 
pamU MagMhuU. Progrtst tme^d* a 'Solution of 
theDigkidty. Ahawi EtpttaiMion*. 

Yov would scarcely bare beUered that the simple 
appearance of the moon inrolTed so manjr difficul- 
ties ; bnt I hop« I shall be aU» to clear the way 
towards a sohition, by the following reflections : — 

1. It is not aatoniatiing that OtirJvKliinent respect- 
blf the nagnitnde of oMecta should not always be 
in correspondence with the visual angle under which 
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we BM it: of this daily experience funusheB suffi- 
cient proof. A cat, for example, appears, wheo very 
Beu-, under a greater angle than an ox at the dis- 
tance of too paces. I could never, at the same time, 
tmagiae the cat to be larger than the ox : and you 
will please to recollect, that our Judgment respecting 
magnitude is always intimately connected with that 
of piatance; so that if we commit a mistake in the 
calculation of distance, our judgment reapecting 
magnitude becomes, of necessity, erroneous. 

S. In order to elucidate this more clearly, it some- 
times happens that a fly passing' suddenly before tho 
eye, without our thinking of it, if our sight is fixed 
oil a distant object we imagine at iirst that the fly is 
at • great distance ; and as it appears under a very 
considerable angle, we take it for a moment to be a 



certain, that our judgment respecting the magnitude 
of objects ii not regulated by the visual angle under 
which they are seen, and that there is a very great 
differencebetween the apparent magnitude of objects 
and the calculated or computed magnitude. The 
first is regulated by the visual angle, and the other 
depends on ihe distance to which we suppose the 
object to be removed. 

3. To avail myself of this remark, I further ob- 
serve, ihat we ought not to say that we see the 
luoon greater in the horizon than at a considerate 
elevation. This is absolutely false, for we then see 
her even somewhat less. But, to speak accurately, 
we ought to say that we judge and compute the 
moon greater when she is in the horizon ; and this 
is literally true with the unanimous consent of all 
mankind. This is auKcient to reconcile the apparent 
contradiction formerly suggested; for nothing pre- 
vents our judging or computing the moon to be 
greater when she rises or sets, thou^ she is seen 
under a smaller visual angle. 
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t. W« ue no loiifer, then, called vpoa to ezfdaiii 
whj' we see the moon mater in the horixon, which 
to impOMiUe, for in reality she tbm appears amaller, 
aa mtrj be deromstnted by meBauring the visual 
aagU. The difficultv, tberefore, is reduced to this: 
Wherefore do we jaege or cempute the moon to be 
greater when in tboie aitnatioaa! or rather, we 
muat endeavour to account for this whimaical eom- 
pntatiofi. The thing is not surpruinf m itaelf, aa 
wo know a tbonaand casea in which we estioiBte 
otfacta to be very great, thongfa we aee them under 
very amall anglea. 

5. We have ooly to say, then, that when the 
moon is rising or setting, we suppose her fo be at a 
gnater diatanoc than when she haa attained a cer> 
tain etevation. Wheoerer this coBuMtatimi is aet- 
tled, whaterer may be the cauie or it, the conae- 

rice Is neceaaaiy, that we muat likewise conclude 
n^Don to b« mateor in proportion. For, in erery 
caae,' the more distant we estimate any object to be, 
the gTMtter we preaums it ia, aitd Ibia in tbe.aame 
nro|>mtioa. As aoon aa 1 imagine, by whatever 
illBsion, that a fly passing close before my eye ia at 
the diatance of 100 pacea, 1 am obliged, ahnost 
wlietlHr 1 will or mot, to auppoae it aa many times 
flteater aa 100 pMsea exceed the real diataoco of Uie 
2y from my eyea. 

6. We are now, therefore, reduced to a new 
question : Wherefore do we presume that the mooa 
ia at a greater distance when she ia seen in the 
twrnon t and. Wherefore is this illusion so universal 
as nst to admit of a sii^e exception 1 For the iUo- 
sion of imagining that the moon is then at a much 
greater diatance is altogether unaccountable It is ■ 
nndonbtedly true that the moon is then really a little 
more distant, as I demonstrated in my last Letter; 
but tbe ^fference is so trifling as to be impercepti- 
ble. Bestdes, the sun, though 100 times more dis- 
tant than the moon, does not ^tpear so, and tbe eye 
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Bstimatea even the fixed atan as nearly at the same 
distance. 

7. Though, therefore, when the moon is in the 
horizon, she is acluatljr a little more distant, this 
circumstance cannot affect the present questicm; 
and this universal computation, which induces the 
whole world to imagine the moon to be then at > 
mnch greater dietanoe than she really is, must be 
founded on reasons entirely different, and capable 
of prodncing universal illusion. For, aa the cchd- 
puUtion is unquestionably erroneoua, the reasons 
which determine us to make it must necessarily be 
very striking, 

8. Some p4iik)sophers have attempted to explain 
this phenomenon by alleging that it is occasioned 
by the intervention of various objects between as 
and the moon, such as cities, villages, forests, and 
niountaine. This, say they, is the reason that she 
Own appears to be mnch farther off; whereas, wheo 
she has attained a considerable elevation, as no other 
body intervenes, she must appear to be nearer. Bat 
this explanation, however ingenious it may at first 
sight appear, is destitute of solidity. On lookingit 
the moon in the horizon through a small aperture 
made in any body which shall conceal the interme- 
diate objects, she nevertheless still seems greater. 
Besides, we do not always imagine that objects 
between which and us many other bodies interpose 
are more distant, A great hall, for example, when 

Juite emp^, usually appears much larger tnan whan 
lied with company, notwiUislanding the numerous 
objects then interposed between us and the walls of 
^e apartment. 
■ SUA Apnt, I7SS. 




LETTER CXII. 

An Attempt totBonU the trite Explanation a/ thit Phe- 
nomtiwn, — The Moon appeari more dittant uhen m 
the Horiztm than tehen at agrtat Elevation, 

Wb are still, then, veir fsr froln the tnie soln- 
tion of this universal illusion, under which all, 
without exception, are induced to ima^ne the moon 
to be much greater when in the horizon than when 
considerably elevated. I have already remarked, 
that this phenomenon is so much the more unac- 
countable, from its being demonstrable that the 
moon's apparent diameter is then even somewhat 
less : we ought not, therefore, to sa^, that we then 
see the moonj greater, but that we imagine her to 
be so. 

Accordingly, I bare very often observed our judg- 
ment of objects lo differ very widely from vision 
itself. We do not hesitate, fbrexample, to conclude 
thai a horse 100 paces distant is larger than a doe 
one pace distant, though the apparent magnitude of 
the dog is unquestionably greater; or, which amounts 
to the same thing, though ^e image of the dog 
painted on the bottom of the eye be greater than 
that of the horse. Our judgment in this case is 
regulated by taking distance into the account ; and 
laying it down that the horse is much farther off 
than the dog, we conclude he is much larger. 

It is very probable, therefore, that the same cir- 
cumstance may take {dace respecting the moon's 
appearance, and induce us to reckon the moon 
greater when in the horizon than at a considerable 
elevation. In the case of the horse, our comfwia- 
tion of distance was founded in truth ; but hers, as 
it is absolutely erroneous, the illusion must be sin- 
gnlnrly nnaccountable, bet mnt, st the sane tiMSi 
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have a certain foiiodation, as its pr^TalQiiGe is ani- 
vereal, and cannot therefore be imputed to caprice. 
Whereia can il coasist T 7%n is to be the subject 
ot our^eaent inquiry;. 

I. Sreiy one coosidets tine aiure ezftaose of 
heaven u a flattened arch, the sHininit of which is 
much nearer to ub than the under part, where it 
meets the horizon. A person, acconlingly, stand- 
ing on a plane AB, Ftg.aOi, ju. 90s. 
which extends as far aa his — — 

sight, perceives tbe vault of , 

heaveoi commonly called the a. 

Armament, under the figure 

A E F B, in which the distances C A and C B are 

much sreater than from the xetUth to C. 

9. This tde» is likewise beyond all question x 
mere illusion, there being in reality do such vault 
surrounding and enclosing us on every side. It is 
a void of immense extent, as it reaches to the most 
distant of the fixed stars— an interval that far ex- 
ceeds all power of imaginstion. I use the word 
void, to distinguish it from gross terrestrial bodiek. 
For, near the e^rth, space is occupied by our at- 
moaphete ; and beyond, by that fluid, inSuitely more 
subtile, which we call elher. 

S. Though this vault, however, has no real exist- 
ence, it posseases an undmibted reality in our imagi- 
nation; and :M mHnkind, the philosopner as well as 
the clown, are subject to the ssme illusion. On the 
surface of this arch we imagiiie the sun, the moon, 
and hII the siars to be dispMed like so many bril- 
liant studs afhxed to it; and though we have a per- 
fect conviction of tlie contrary, we cannot help 
giviuK way to the illusion. 

4. Thiabein^ liid dnwn, when the moon is in the 
horizon, Imaziiution allaches her to the point A or 
B oC this supposed vault, and hence we conclude her 
distauce to be he much greater as wc consider the 
;iiiftCAorCB lob* greater than CJ;^ but when 
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■be ascends and approaches the zenith, w^ imagine 
■he comes nearer; and if she reRches the very 
zenitti, we think she is at the least possible distance. 
6. The illusion as to diEtnnce necessarily involves 
that which respects ma(fnitude. Ab the moon at A. 
appears much Tarther from C than in the zenith, 
we are in a manner forced to conclude that the moon 
is redly so much greater; and that in the same 
proportion that (he distance C A appears to exceed 
the distance C Z. All will not, perhaps, agree in 
delerminin;; this proportion ; one will say, the moon 
appears to him twice as great when in the horizon; 
another will say three limes ; and the generality 
will declare for the medium between two and three; 
but every one will infallibly agree hi asserting that 
the moon appears larger. 

6. It may be necessarj^ here to present you with 
the demonstration of this proposition. iTie com- 
putation of magnitude is necessarily involved in the 
computation of distance. When the moon is near 
the horizon, we see her. Fig. 303, under a certain 
angle, say M C A, the spec- ,, -„„ 
tator being at C; and when — ''^- '^■ 
she is at a very great eleva- 
tion, let N C D be the angle 
under which we see her. " 
is evident that these two a 
gles M C A and N C D a 
nearly equal to cacb other, the difference being im- 
perceptible. 

7. But, in the first case, as we estimate the rooon'ti 
distance to be much greater, or equal to the lino 
C A, With reference to the imaginary vault above 
described, it follows, that we comnute the moon's 
diameter'Io he ei^ual to the line M A. Uul, in the 
other caSe. the distimcC of the moon C D appears 
much Bm;iller ; and consequently, as the angle N C D 
is equal to'tlie angle MCA, the computed inagiii- 

Vol. 11.— L 1 
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tiid« D N will be mud) smaller tban the compotad 
magnitude A M.' 

e. To put tbis beyond a doubt, you haT« (wlj t» 
cut off from the lines C H and C A the parts C 4 
and C n, equal to the lines C D and C N ; and as in 
the two triangles C <j n and C D N, the angles at tha 
point C are equal, the triangles themselves are like- 
wise 80, and consequently tnie liiM D N will bo taual 
to the line d n; but d n is evidently smaller tnan 
A M, and that as many times as the distance C d 
and C D is leas than C A. Tbis is a clear demon- 
atration of the reason why we estimate the mooa 
to be greater when in the borizou than when near 
the zenith. 

29th April, nm. 



LETTER CXIII. 



Yov will charge me, no doubt, with pretending to 
explain one illusion by another equally unaccount- 
able. It may be said, that the imaginary vanLt of 
heaven is altogether as inconceivable as the inr 
creased appearance of the moon and the other hea- 
venly bodies when in or near the horison. The 
objection ia not without foundation, aoA therefore 
lays me under the necessity of attempting to explain 
the true reason whv the heavens appear m the form 
of an arch flattened towards the summit. The fol- 
lowing reflections may, perhaps, be received as «n 
acquittnnce of my engagement. 

1. In order to account for this imaginary vault, it 
will be alleged that it proceeds from the appearance 
of the heavenly bodies, aa seeming more remota 
when in the horizon than when near to or in the 
zenith. This ia undoubtedly a formal petitia pri». 
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cipn, aa logicians call it, or a begging of the ques- 
tion, vrliicti every one is entitled to reject as a 
ground or reasoning. In truth, having aaid above 
that the imaginary vault or heaven makes the moon 
in the horizon appear farther off than wheirnear 
the zenith, it would be ridiculous to affirm, that Ihe 
thing which leads us to imagine the existence of 
aneh a vault is ttiat horizont^ objecta appear more 
distant than vertical. 

3. It was not, however, useless to suggest the 
ides of this imaginary vault, though it may not 
carry ns a great way forward; and after 1 shall 
have explained wherefore the heavenly bodies apt- 
pear more remote when viewed near iJie horizon, 
you will be enabled to comprehend, at the same time, 
the reason of that twofold universal tUusion, namely, 
the apparently increased magnitude of the heavenly 
tNMlies when in the horizon, and the flattened area 
of heaven. 

3. "Hie whole, then, reverts to this, to explain 
wherefore the heavenly bodies when seen in the 
horizon appear more remote than when at a con- 
siderable elevation, I now alfirm, it ia because 
these objects appear less brilliant; and this impoaee 
on me the double task of demonstrathig why these 
objecta display less briiliancv when in or near the 
horizon, and of explaining now this circumstance 
necessarily involves the idea of a greater distance. 
I flatter myself I shall be enabled to discharge both 
of these to your satisfaction. 

4. The phenomenon itself will not be called in 
question. However greater the sun's lustre may be 
at noon, which it is then impossible to ascertain, 

ED know Uiat in the morning and evening, when 
is rising or setting, it is possible to contemplate 
his body without any injuiy to the eye ; and the 
•ane thing takes place with respect to the moon 
and all the stars, whose brilliancy is greatly dimin- 
bbed in the vicinity of the horizon. W« acconl. 
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inirly do not see the smaller stars when at a emaU 
elf-vation above the horiion, though they are suf- 
ficientlv discernible at a certain height. 



remains to be investigated. It is abundantly evident 
that we cnn trace it only in our atmoapliere, or the 
body of air which encompasses our earth, in so far 
as it is not perfectly transparent. For if it ware, 
so ih^l all the nys should be transmitted through 
it without undergoing any diminution, there could 
be no room to doubt that the stars must always 
shine with the same lustre, in whatever region of 
the heavens they might be discovered. 

6. But the air, a substance much less fine and 
subtile than ether, wliosc transparency is perfect, 
is continually loaded wilh heterOKeoeous particles, 
rising into it above the earth, sucn as vapours and 
exhalations, which destroy its transparency ; so that 
if a ray should fall in with such a particle, it would 
be intercepted, and almost extini^ished by it. It is 
accordingly evident, tliat the more the air is loaded 
with such particles, which prevent the transmission 
of light, the more rays must be lost by the intercep- 
tion ; and you know that a very thick mist deprives 
the air of .Jmost all its transparency, to such a de- 
gree that it is frequently impossible to distinguish 
objects at three paces' distance. 

7. Let the points marked in Fig. S04 represent 

Fig. 204. 



such particles scattered through the air, whose 
nanilwr is greater or less, according as the air is 
more or less transparent. It is evident, that mtuiy 
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9( the Tsya which pervade that space most be lost, 
and that the loss must be greater in proportion as 
the space which ibey had to run through that air 
is greater. We see, then, that distant objects be- 
come invisible in a fog, while such ae are very near 
the eye may be still perceptible, because the rays 
or the Srst meet in their progress a greater number 
of particles which obstruct uieir transmission. 

8. We must hence conclude, that the longer the 
space is through which the rays of the heavenly 
bodies have to pass through the atmosphere in order 
to reach our eyes, the more cortsiderable must be 
their loss or diminution. Or this you can no longer 
entertain any doubt. All that remains, then, is 
Mmjdy (O demODstrate, that the rays of the stars 
which we see in or near our horizon have a longer 
apaCeofthe atmosphere to pervade Chan when nearer 
the zenith. When this is done, you will easily 
comprehend why the heavenly bodies appear much 
lees orilliant when near the horizon than at the time 
of rising and setting. This shall be the subject of 
my next Letter. 

1*1 May, ITea. 



LETTEa CXIV. 

Seatoa auumed for the Faintneit of the lAght of ih* 
Heavenly Bodies in ihe Honam. 

WaiT I have just advanced, namely, that the rays 
of the heavenly bodies, when in the horizon, have a 
larger portion of our atmosphere to pervade, may 
tj^ar somewhat paradoxical, considering Uiat the 
atmosphere universally extends to the same height, 
•o that at whatever point the star may be, its .rays 
most always penetrate through the whole of that 
heialU before it can reach i)ur eyes. The following 
^^ LIS 
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Inflections, I flatter myself, will give you complete 
Batisfaction on the subject. 

I. It is first of all necessary to form a just idea 
of the atmosphere whioh surrounds our globe. For 
this purpose the interior circle 
A B C D, Fig. 205, shall represent j^. 205. 
the earth, and the exterior dotted 
circle abed shall niaric the height 
of the atmosphere. Let It be re- 
marked, that universally in propor- ^ 
tion as the air rises above the sur- 
face of the earth it becomes always 
more transparent and subtile, so 
that at last it is imperceptibly lost 
ia the ether which fills the whole expanse of heaven. 

fl. The grosser air, that which is most loaded with 
the particles that intercept and extinguish the raya 
of light, is universally found in the lower regions, 
near the surface of the earth. It becomes, there- 
fore, more subtile as we asbcnd, and less obstructire 
of the light ; and at the height of 6 English milef 
h%s become so transparent as to occasion no per- 
ceptible obstruction whatever of the light. The 
distance, then, between the interior circle and the 
exterior, may be fixed at 5 English miles nearly, 
■whereas the semi-diameter of the globe contains 
dbout 29S2 of such miles; so that the height of the 
atmosphere is a very small matter compared witb 
the magnitude of the globe. 

3. Let us now con- 
sider, Fig. 208, a 
tatoratA,ont' 
of the earth ; i 

ing from t _ _ 

the globe O, through A 
the line G Z, it will be dUc 
directed towards the ze- \ 
nith of the spectator. 
The line A S, which is 



:t us now con- n^ 

.^. 208, a spec- z '^« 

V, on the surface I 

irth ; and draw- I 

1 the centre of --:Sb>4 — 

e G. through A, /f*\ >\ 




perpendictilar, and touctiea the earth, will be hori- 
xontal to it. Consequently, he will see a star at Z 
in his zenith, or in the summit of the heavens ; but a 
star at S will appear to him in the horizon at its 
rising or setting. Each of these stars may be con- 
sidered as infinitely distant from the earth, though it 
was impossible to represent this in the Hgure. 

4. Now you have only to cast your eye once more 
on the figure, to be satisfied that the rays proceeding 
from S have a much longer space to travel thiougb 
the atmosphere than those from the star Z, before 
they reach the spectator at A. Those from the 
star Z have only to pass through the perpendicular 
height of the atmosphere a A, which is not above 5 
English miles, whereas those that come from the 
star S have lu travel the whole space A A, which is 
evidently much longer; and could the figure be 
represented more conformably to the fact, so as to 
exhibit the radius G A 3SB3 times longer than the 
height A a, we should find the distance A A to exceed 
40 such miles. 

6. It is further of importance to remark, that the 
rays of the star Z have but a very smalt space to 
travel through the lower region of the atmosphere, 
whichismost loaded with vapour; whereas the raya 
of the star S have a much longer course to perform 
through that region, and are obliged to graze, if 1 may 
use tbe expression, along the surface of the earth. 
The conclusion, then, is obvious. The rays of the 
star Z undergo scarcely any diminution of lustre, 
but those of the star S must be almost extinguished, 
Arom BO long a passage through ihe grosser air. 

6. It is indisputably cerlnin, then, that the stars 
which we see in the horizon must appear with a 
lustre extremely diminished; and it will simply 
account to you for a well-known fact, that you can, 
without any inconvenience, fix your eyes steadily 
on the rising or setting sim ; whereas, at noon, or 
at a considerable elevation, his lustre is insupport- 
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able. This is the firat point ' I uDdertook to demon- 
strate ; I proceed to the second, namely, W prove 
that it is the diminution at light which Torces m 
almost to ima(pne the heavenly bodies at a much 
neater distance than when we see them in all theii 

7. The reason must be sought in terrestrial bodies, 
with which we are every day conversant, and r&- 
•pecting whose distance we form a iudgrnent. But. 
for the aame reason that rays or light in passing 
through "the air undergo some diminution of lustre, 
it is evident that the farther an object is removed 
tiDtn us, the more of its lustre it loses, and the more 
obscure it becomes in proportion. Tlius, a very dis- 
tant mountain appears quite dark ; but on a nearer 
approach we can easily discover trees on it, and 
other minuter objects, which it was impossitje to 
distiniruiBh at a very remote distance, 

B. This observation, so general, and which never 
misleads us in contemplatincf terrestrial bodies, has 
produced in us from our childhood this fundamental 
principle, from which we conclude objects to be 
mstant in proportion as the ra^s of light which thef 
emit are weakened. It Is In virtue of this principle, 
therefore, that we conclude the moon to he fartner 
off at risingand setting than at a considerable eleva- 
tion ; and for the same reason we conclude she is 
so much greater. You will, I flatter myself, admit 
this reasoning to be soUd, and this embarrassing phe- 
nomenon to be as clearly elucidated as the nature 
of the subject permits. 

ith May, 1768. 
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LETTER CXV. 



Ittution rttpectin/f the JHstance of Objects, and the 
Dtminution of Lustre, 

The principle of our imaginatiOD.by vhichi have 
eodeavoured to e:cplain the phenomenon of the 
moon's greater apparent ma^ttude in the horizon 
than at a considerable elevation, is so deeply rooted 
in our nature aa to become the source of a thousand 
similar iUusions, some of which I will take ibe liberty 
to suggest. 

We have been habituated from iDfancy, almost 
involuntarily, to imagine objects U> be distant in 
proporLion as their luBlre is diminished ; and, on the 
other hand, very brilliant objects appear to be nearer 
than Ihey really are. This illusion can proceed only 
from an ill-reflated ima^natton, which very fre- 
quently misters us. It is nevertheless so natural 
and BO universal that no one is capable of guarding 
against it, though the error, in many cases, is ex- 
tremely palpable, as I have shown in the instance 
of the moon; but we are equally deceived in a va- 
riety of other instances, as I shall presently make 
appear. 

I. It is a well-known illusion that the flame of a 
conflagration in the night appears much nearer than 
it really is. The reason is obvious ; the fire blaaes 
in ail its lustre ; and in conformity to a principle pr&- 
established in the imagination, we always conclude 
it lo be nearer than it is in reality. 

3. For the same reason a great hall, the walls of 
which are perfectly white, always appears smaller. 
White, you know, is the most briUiant colour : hmce 
we conclude the walls of such an apartment to be loo 
mar ; and consequently the apparent magnitude is 
thereby diminiahed. 
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3. Bat in an aputment hung with black, aa is tho 
custom in mouniiiigs, we perceive the directly 
opposite effect. The apartraeat now appears con- 
siderably more spacious than it really is. Black 
is undeniably the most gloomy of colours, for it 
reflects scarcely any light on tbe eye ; hence the 
walls of an apartment in deep mourning seem more 
distant than tliey are, and consequently greater ; but 
let tbe black hangings be removed and the white 
coloor reappear, and the apartment will seem con- 

4. No ctasa of men avail themselves more of this 
natiml and universal illunion than painters. Tha 
same incture, you know, represents aome objects as 
al a great distance, and others as very near ; and 
here the skill of the artist is moat conspicuous. It 
is not a little surprising, that though we know to 
absolute certainty all the representations of a JHC- 
ture to be expressed on the aame surface, and con- 
aeqaenHj at nearly the same distance from the eye, 
we sbonld be, nevertheleaa, under the power of illn- 
aion, and imagine some to be quite near, and othera 
extremely distant. This illusion is commonlv as- 
cribed to a dexterous management of light and snade, 
which imdoubtedly furnish the painter with endless 
resources. But you have only to look at a picture 
to be sensible that the objects intended to be thrown 
to a preat distance are but faintly and even india- 
tinctTy expressed. Thus, when the eye is directed 
to very remote objects, we easily f>erceive, for ex- 
ample, that they are men ; but it is impossible to 
diBtiuguish the parts, such as the eyes, the nose, tbe 
mouth; and it ia in conformity to this appearance 
that the painter represents objects. But those which 
he intends should appear close to us he displays in 
all the brightness of colouring, and is at pains clearly 
to eipresB each minute particular. If they are per- 
sons, we can distinguish the smallest lineaments of 
the face, the folds of the drapery, Ac. : this part 
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of the repreKiitation BeemB, 1 may wj, to rise out 
of the canvass, while other parte appear to aiuk and 
retire. 
6. Oq this illasion, therefore, the whole art of 

Cling entirely rests. Were we accustomed to 
1 our judgment in strict conformity to truth, this 
art wonld make no more impression on ub than if 
we were faUnd. To no purpose would the painter 
call forth all his powers of g«niua, and employ the 
happiest arrangement of colours ; we should coldly 
affirm, on that piece of canvass there is a red spot, 
here a blue one ; there a black stroke, here some 
whitish linea ; every thing is on the same plane sur- 
face; there is no rising nor sinking; therefore no 
real object can be represented in this manner; the 
whole would in this case be considered as a scrawl- 
ing on paper, and we should perhaps fatigne ourseWes 
to no pui^ee in attempting to decipher the meaning 
of all tliese diCTerent coloured spots. Would not a 
roan in such a state of perfection be an object of 
much compassion, thus deprived of the pleasure 
resulting from the productions of an art at once so 
amuaing and so iQatructi?e ! 
8th May. 1763. 



LETTER CXVI. 

On the Axwe Colour of the Hemtn*. 

You are now eoaUed to comprehend the reason 
why the ana and moon appear much greater when 
in the horizon than at a considerable elevation. It 
consists in this, that we then unintentionally com- 
pote these bodies to be at a greater distance, a com- 
putation founded on the very considerable diminution 
which their lustre in that position undergoes, from 
the longer passage which the rays have (o force 
through the lower region of tha atmoapbere, whick 
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ie the most loaded with vapours and exhalaHoni, 
whereby the transparency is diminished. This is a 
brief recapitulation of the reflections which I hare 
taken the liberty to suRgeet on this subject. 

This quality of the air, which diminishes transpa- 
rency, might at lirst sight be considered as a defect 
But on attending to consequences, we shall find it so 
far from being sucb, that we ought, on the contrary, 
to acknowledge in it the infinite wisdom and good- 
ness of the Creator. To this impurity of the air 
we are indebted for that wonderful and ravishing 
spectacle which the azure of the heavens presents 
to the eye ; for the opaque particles which obstruct 
the rays of light are illuminated by them, and after- 
ward retransmit their own proper rays, produced in 
their surface by a violent agitation, as is the case in 
all opaque bodies. Now, it is the number of vibra- 
tions communicated to them which represents to us 
this magnifieent azure ; a circumstance which well 
deserves to be completely unfolded. 

1. I observe, first, that these particles are ex- 
tremely minute and considerably distant from each 
other, besides their being delicately fine and almost 
wholly transparent. Hence it comes to pass, that 
each separately is absolutely imperceptible, so that 
we can be affected by them only when a very great 
number transmit their rays at once to the eye, and 
nearly in the same direction. The rays of several 
must therefore be collected, in order to excite a sen- 
sation. 

S. Hence it clearly follows, that such of these 
particles as are near to us escape onr senses, for they 
must i>e considered as points ai^iersed through Uie 
mass of nir. 

But such as are very distant from the eye, as, 
Fie- 207, the points air, col- ' 

lect in the eye O, almost ac- ''^S- ''"•■ 

cording: to the same direction, o— -.-^^-^^^^^ 'v 
their several rays, which thoB ^""~^-^^;*-^ 
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become suffleientljr Btrong to affect the tigbi, «ape- 
cially whea it is considered that similiir particles 
more remote, e fg A, as well as others more near, 
concur in producing this effect. 

3. The azure colour which we see in the heaTena 
when serene is nothing else, then, but the result of 
all these particles dispersed through the atmosphere, 

Xcially of snch as are very remote : it may be 
ued, therefore, that they are in their nature blue, 
but a blue eitremeLy clear, which does not become 
sufficiently deep and perceptible, except when they 
•re in a very great number, and unite their rays ac- 
cording to the same direction. 

4. Art has the power of producing a similar effect. 
If, on dissolving a small qusntity of indigo in a great 
quantil}' of water, you let that water fall drop by drop, 
you will not perceive in the separate drops the 
•lightest appearance of colour ; and on pouring some 
of It into a small goblet, you will perceive only a 
faint bluish colour. But if you fill a large vessel 
with the same water, and view it at a distance, you 
will perceive a very deep blue. The same experi- 
ment may be made with other colours. Burgundy 
wine, in very small quantities, appears only to bo 
faintly reddish ; but in a large flask completely tilled, 
the wine appears of a deep red. 

6. Water, in a large and deep vessel, presents 
something like colour ; but in a small quantity is 
altogether clear and limpid. This colour is coin- 
moiuy more or leas of a greenish cast, which may 
warrant us iii saying that the minute particles of 
water are likewise so, but of a colour so delicately 
fine that a great mass of it must be collected before 
the colour can be perceptible, because the rays of a 
multitude of particles then concur towards producing 
this effect. 

6. As it appears probable, from this observation, 
that the minute particles of water are greenish, it 
loight be maintained, that the reason why the sea, 

Vol. II.— H m 
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or the water of a lake or a pool, appean gieen, is tlie 
Tery same that gives the heavens the appearance of 
a^ure. For it is more probable that all tlie particle* 
of the air should have a faintly bluish caat, but so 
»ery faint as to be imperceptible till presented in a 
prodigious mass, such aa tne whole extent of th* 
BtmoBphere, than that this colour is to be ascribed 
to npouTB floatii^ in the air, but which do not ap- 
pertain to it. 

7. In fact, the purer theairis,and the inorepurged 
Ihtm exhalation, the brighter is the lustre of heaven's 
azure ; which is a sufficient proof that we must 
look for the reason of it in the nature of the profiw 
particles of the air. Extraneous substances min- 
ghng with it, such as exhalations, become, on Um 
contrary, injurious to that beautiful azure, and serve 
to diiniaish its lustre. When the air is overloaded 
with such vapours, they produce fogs near the sur- 
face, and entirely conceal from us the azure appeal^ 
ance ; when they are more elevated, as is frequently 
the case, they form clouds, which frequently covw 
the whole face of the sky, and present a very dif- 
ferent colour from that of this azure of the pure air. 
This, then, is a new <juality of air, different from 
those formerly explained — subtilty, fluidity, and 
elasticity ; namelv, the minute particles of air are in 
their nature bluish. 

IIM Uay, 1708. 



LETTER CXVn. 

Wial the Apptaranct tnmdd be vtn tht Air ferftedf 
trantjutTtrU. 

iNDtriNDEHT of the beautiful spectacle of the ubtc 
heavens procured for ns by this colour of the cir- 
cumambient air, we should be miserable in tiie 
extreme were il perfectly transparent, and divested 
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of thoM binish particles ; and we have here a new 
reason for adoriog Ibe infinite wisdom and goodness 
of the Cia&Toi. 

That you may hare full conviction of the truth of 
my afsertion, let ua suppose the air to be quite trans- 
parent, and similar to the ether, which, we know, 
transmits all Uie rays of the stars, without inter- 
cepting so much as one, and contains no particles 
tbemselves illuminated by rays, for such a particle 
could not be so witbont intercepting some of the 
myswhichfelluponit. If the air were in this state, 
the rays of the san would pass freely through it, 
without the retranamission of any light to the eye : 
we should receive, then, those raj^onlv which came 
to US immediately from the sun. Tbe wliole beaTens, 
except the spot occupied by the sun, would ujpear, 
therefore, completely dark ; and instead of this bril- 
liant bine, we should discover nothing on looking 
upward bat tbe deepest black snd the most profouM 
.»«!;>• Fig. 908. 

Fig. 90S reiH«sents the sun 
G F, and the point Is the eye 
ofaapectator, which would re- 
ceive from above no other rays 
but those of tbe sun, so that 
all illumination would be lim- 
ited to the space of the small an^e EOF. On di- 
nding the eye towards any other quarter of the 
heavens, say towards M, not a single ray would be 
emitted from it, and the appearance would be the 
aame as if we looked into total darkness ; now every 
place which transmits no ray of light is black. But 
here the stare must be excepted, which are spread 
over the whole face of the heavens ; for on directing 
the eye towards H, nothing need prevent the raysoT 
the Bttra which may be in that qnarter from entering 
into it ; nay, they would have even still more force, 
as they could suffer no diminutioa of lustre from the 
Jdmosfdwreisacbialamnowrajqioeingit. Allth* 
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Stan, therefore, would be visible at noon-day, as in 
the darkest night ; but it must be considered that this 
whole ray would be reduced to the space of the Uttle 
angle EOF; aU the rest of the hearens would be 
black as uight. 

At the same time, stars near the sun would be 
invisible ; and we should not be able to see, for ex- 
ample, the star N, for on looking to it the eye would 
likewise receive the ravs of the sun, with which it 
must be struck so rorcibly that the feeble light of th« 
star could not excite any sensation. 1 say nothing 
of the impossibility of keeping the eye open in at- 
tempting to look towards N. Thia is too obvioua 
not to be understood. 

But on opposing to the sun an opaque body, which 
shall intercept his rays, you could not fail to see the 
star N, however near it might be to the sun. It is 
easy to comprehend in what a dismal state we should 
then be. This proximity of lustre insupportablo 
and darkness the most profound must destroy the 
organs of vision, and quickly reduce us to total bliad>- 
ness. Of this some Judgment may be formed from 
the inconvenience we feel on passing suddenly from 
darkness into light. 

Now thia dreadful inconvenience is com|deteIy 
remedied by the nature of the air, from its contain- 
ing particles opaque to a very small degree, and sus- 
ceptible of illumination. Accordingly, the mommt 
the sun is above the horizon, nay, somewhat earlier, 
the whole alraosphere becomes illuminated wiUi 
his rays, and we are presented with that beautiful 
azure which I have described, so that our eyes, whicb> 
ever way directed, receive a great quantity of rajs 
generated in the same particles. Thus, on looking 
towards M, Fig. SOS, p. 411, we perceive a great de- 
BTee of light produced by this britlisnt azure of the 
neavens. 

This very illumination of the atmosphere prevents 
our seeing the stars by day : the reason of uts is ob- 
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-vioos. Itfarexceedsthatoftheatarfi.aiidthegTeateT 
light always makes the lesser to disappear ; and the 
nerves of the retina at the bottom ol the eye, beini; 
already struck by a very strong light, are no longer 
•eDsible to the impressioa made by the feebler light 
of the Btara. 

You will please to recollect that the light of the 
ftill moon ia upwards of 300,000 times more faint 
than that of the aun ; and this will convince you 
that the light proceeding from the stars is a mere 
nothing in comforison with the li^ht of the sun. 
But the illumination of the heavens in the day-time, 
even though the son should be overclouded, is so 
great as many thousand timea to exceed the light of 
ue All! moon. 

You must have fretjuently perceived that in the 
night when the moon ts full, tne stars appeal much 
less brilliant, and that those only of snpenor magni- 
tude are visible, especially in the moon's vicinity ; a 
sufficient proof that the stronger Ught always absorbs 
the feebler. 

It is then an unspeakable benefit, that our atmo- 
qihere begins to be illuminated by the sun even 
before he rises, as we are thereby prepared to bear 
the vivacity of his rays, which would otherwiae be 
insupportable, that is, if the transition from night to 
day were instantaneous. The season during which 
the atmosphere is gradually illuminated before sun- 
rising, and continues to be illuminated after he sets, 
ia denominated twilight. This subject, from its im- 
portance, merits a particular explanation, which I 
|)TopoM to attempt in my next Letter J and thug one 
article in phyaica nat'iraily runs into another, 

JSliJIfoy, 1708. 
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LETTER CXVIll. 



lU/nirlum of Rayi of Light in Iht Atmotpkert, and 
iU Effects. Of the Tu/Uight. Oflhtapparmtriting 
and tetting of the Heatreniy Bo£e*. 

In order to explain the cause of the twilij^ht, or 
that iUumiDBtioQ of tha heavens which precedes 
the riaing of the sun, and continues some time after 
he is set, I must refer you to what has been already 
demonstrated respecting' the horizon and the atmo- 
sphere. 

Let the circle A B D, Fig. 309, represent the 
earth, and the dotted circle f<jg_ qoq, 

a e b d the atmosphere ;''■'' - - 

a point O be assumed on 
surface of the earth, througii ff 
which draw the straight line -^ 
H R I, touching the earth 
at O, and this line H I will 
represent the horizon, which 
separates that part of the 
heavens which is visible to us from that which is 
not. As soon as the sun has reached this line, he 
appears in the horizon, both at riaing and setting, 
and the whole atmosphere is then completely illn- 
minaled. But let us suppose the sun before his 
risin? to be still under the norizontal line at S ; from 
which the ray S T R, grazing the earth at T, may 
reach the point of the atmosphere situated in our 
horizon ; the opaque particles which are there will 
already be illuminittedby that ray, and consequently 
have become visible. Accordingly, some time bo- 
fore the rising of the sun, the atmosphere hoR over 
our horizon begins to be illuminated at R ; and in 
proportion as the sun approaches the horizon a 
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greater part of it will be iUuminated, till it bocomas 
at length completely luminous. 

This reflection leads me forward to another phe- 
nomenon equally interesting, and very intimately 
connected with it, Baraely, that the atmosphere dis- 
coven to m the body or the Bun and of the other 
■tars some time before they get above the horizon, 
and some time after thev have fallen below, by 
means of the refraction wRiqh rays of light tindery 
lOn passing from the pure ettfer into the grosser air 
which constitutes our atmosphere ; of this 1 proceed 
ito give you the demonBtralion. 

I. Rays of light do not continue to proceed for- 
■ward in a straight line any longer than they move 
ithrough a transparent medium of the same nature. 
As soon as they pass from one medium to another, 
ihey are diverted from their rectilinear directioiH- 
Iheurpathis, as it were, broken offi and this is wliat 
-we call refraction, which I formerly explained at 
considerable length, and demonstrated that rays, on 
passing from air into glass, and reciprocally, are 
thoa broken or refracled! 

8. Now air being a different medium from ether, 
when a ray of light passes from ether into air U 
most of necessity undergo some refraction. 

Thns, the arch of the circle A M B, Fig. 310, ter- 
minatingourupper atmosphere, tfa n^ qiq 
rayoflightMS,fromtfaeetlier,faIIs *' ' ■ 

upon it at M, it will not proceed J^ 

straight forward in the same dixec- y""^ 

tion M N, but will assume, on en- Jf^ 
tering into the air, the direction /yy^\_ 
M R,soBiewhat different from MN; *" < " 
and the angle N M R is denomi- 
nated the angle of refraction, or simply the relVac- 
tion. 

3. I iiave already remarked, that the refraction it 
greater in proportion as the ray S M falls more ob- 
Uquely .on the surfsce oi the atmosphere, or u the 
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angle B M S ia amaller or mora acute. For if the 
ny S H falls perpendicolarly oo the surface of the 
atmosphere, that U, if the anEle B M S is a right 
angle, no refraction will take place, but the ray will 
pursue its progress in the same strai)[ht line. This 
rule is universally appUcable to every kind of refrac- 
tion, whatever may be the nature of the two media 
through which the rays travel. 

4. Let the arch of the circle A O B, F^. Sil, 

Fig. Sll. 

^^ 

cepresent the surface of the earth, and the ardi 
E H F terminate the atmosphere. If you draw. at 
the line M V, touching the surface of the earth 
at 0, it will be horizontal. And if the sun ia still 
tinder the horizon at 8, so as to be still invisible 
(for no one of his ra^ can yet reach ua in a straight 
line), the ray S H being continued in a straight Ime 
would pass over as to N ; but as it falls on the at- 
mosphere at M, and in a very oblique direction, tlM 
angle F M S being very acute, it will thence undeif[o 
a very considerable refraction ; and instead of pro- 
ceeding forward to N, would asaume the direction 
H O, BO that the sun would be actaally visible to a 
person at O, though still considerably below the 
horizon at S ; or, which ia the same thing, below the 
horizontal line M V. 

5. However, as the ray M O, which meets tba 
eye, is horizontal, we assi^ that direction to the 
Bun himself, and imagine him to be actually at V, 
Jiat is, in llw borison, though he ii still below U. 
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And, TBciprocaJly, as often as we see the snn, or 
any star, in the horizon, we are assured they are 
Btill below it, according to the angle S M V, which 
astronomers have obaetved to be about half a degree, 
or, more exactly, 33 minutes. 

6. In the morning, then, we see the sun before he 
has reached our horizon, that is, while he is yet an 
angle of 32 minutes below it; and in the evening a 
■considerable time after he is really set, as we see 
film till he has descended an angle of 33 minutes. 
We call that the true rising and setting of the sun 
when he is actually in the horizon; and the com- 
mencement of his appearance in the morning and 
'disappearing at night we denominate the apparent 
risiog and setting. 

7. This refraction of the atmosphere, which ren- 
ders the apparent rising and setting of the sun both 
earlier and later than the real, procures for us the 
benefit of a much longer day than we should enjor 
did not the atmosphere produce this effect. Such 
is the explanation of a very important phenomenon 
in nature. 

1^ May, 1763. 

LETTER CXIX. 



YoD hare now, no doubt, a clear idea of this sin- 
gular effect of our atmosphere, by which the sun 
and the other heavenly bodies are rendered visible 
in the horizon, though considerably below it, 
whereas they would be invisible but for the refnc' 
tion. For the same reason the sun, and all the 
heavenly bodies always appear at a greater eleva- 
tion above the horizon than they really are. It is 
ry, therefore, carefully to disiinguish the 
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-appareat elSTation of a star IVoni wb&t it vonld bo 
were there no atmosphere. I shall endeavour to 
<et this in the clearest light possible. 

1. Let the arch A OB, Fig. ai9, be part of flw 
Fig.iia. 




surface of the earth, and the spot where we an, 
through which draw the straight line H R, touch- 
ing the surface, and this line H O R will represent 
the true horizon. From O let there be drawn pei^ 
pendicularly the straight line O Z, which is the same 
thing as suspending a given weight by a cord. This 
line is said to be vertical, and the point Z of the 
heavens, in which it terminates, is caAed the zenith. 
This line, Z, then,is perpendicular to the horizon- 
tal line H R, so that one being known, the other 
must be known likewise. 

S. This being laid down, let there be a star at S, 
Fig. 313 : were there no atmo- 
sphere, the ray S J" 
proceed in a straight li 
eye at 0, and ws should a 

in the aame direction O In o, " j'^w. '"^ 

where it would actually be — /"^ ^^ 
(hat IB, we should see it in its s \ 

ime puce. Let ns tbea mea> 



lere no atmo- 

i M would Fig. SI3. 

[ht line to the ^ ^ 

should see it .^'It 

;tion O M S, " , yZ_ ^ 

ont,ni11„ he V""^ ^*V 
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Bort tho angle S R, fonnod by the ray S with 
the horizon O R, atid this ancle is named the height 
or the atar, or its elevation above the horizon. We 
meaaure also the angle S O Z, farmed b^ the ray S O 
with the vertical line O Z terminating m the zenith : 
and as the angle Z O R is a right angle, or M de- 
crees, we btre only to sntitract the tcngle S O Z 
ironi 00 degrees to have the angle SOB, which 
gives the true elevation of the star. 

3. Bnt let os now attend to the atmosphera, which 
I suppose terminated by the arch II D N M R, 

a. 818, p. 418, and I remark, first, that the pr«- 
ing ray 8 M of the star S, on entering into M in 
the atmosphere, does not proceed directly forward 
to the eye at O, but, from the refraction, will assume 
another direction, as M P, and consequently will not 
meet the eye at : so that if this star sent down 



be considered that every luminous point emits il 
rajrs in all directions, and that all s^kce is filled with 

4. There will be, then, amons othera, some ray, 
•B S N, which is broken or retracted on enteriw 
the atmosphere at N i so that its continuation N O 
shall pass precisely to an eye at O. The refracted 
ny N is not, therefore, in a straight line with the 
ny S M ; and if N O be produced forward to «, the 
continuation N i will form an angle with the ray 
N S, namely, the angle S N », which is what we 
call the refraction, and which is greater in propor- 
tion as the angle S N R, under which the ray S N 
entera into the atmosphere, is more acute, as wbB 
demonstrated in the preceding Letter. 

5. It is the ray N O, consequently, which paints in 
the eye the image of the star S, and which rendere 
it Tisihle : and as this ray comes in the direction 
N 0, as if the star were m it. we imagine the star 
likewise to be situated in the direction N 0, or in 
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thst line continued Bomew)^ere at i. This pciiit t 
being different frDoi the real |^ace of the star 8, 
we call ( the apparent place of the atar, whicli 
must be cai^trnf distinguished rrom ita place 8, 
where the star would be seen were there no atmo- 
sphere. 

e. Since, theo, ihe star is seen by the ray N 0, 
the an^ iV O R, which this ray N O maXes widt 
the horizon, is the apparent altitude or the star ; ai^ 
when by a proper instmmeat we measure Ihe tingle 
N R, we are said to have found the apparent alti- 
tude of the atari ^^^ ''^ altitude being', as we have 
shown, the an^ie R 8. 

7. Hence it is evident, that the apparent altitode 
RON is greater than the real altitude ROM, so that 
the stars appear to us at a greater elevation above 
the horizon than they reaJiy are ; for the same rea- 
son they appear already in the horizon while they 
are etill betow it. Now, the excess of the apparent 
altitude atwve the true is the angle M O N, which 
does not differ from the angle S N i, and which we 
call the refraction. For, though the anele S N j, as 
being the external angle to the triangle S N 0, is 
equal to the two internal and opposite angles taken 
together, namely, SON and N S O, we may con- 
sider, on account of the immense distance of the 
■tars, the lines O S and N S as panUlel, and conse- 
quently the angle O S N vanishes; so that the 
angle S N is nearly equal to the angle of refrac- 
tion S N J. 

6. Having found, then, the apparent altitude of a 
star, you must subtract from it the refraction, id 
.Arder to have the real altitude, which there is no 
other method of discovering. For this purpose, 
astronomers have been at much pains to ascertain 
the refraction to be subtracted from each apparent 
altitude, that is, to determine how much must be 
deducted in order to reduce the ^tparent to the real 
iltitHde. 
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t. From a 1od# series of observations, they have 
been at length enabled to construct a table, called 
the table of refraction, in which is marked for every 
apparent altitude the refraction or angle to be sub- 
tracted. Thus, when the apparent altitude is no- 
thing, that is, when the star appears in the horizon, 
the refraction is 33 minutes ; the star is accordingly 
an angle of actually 33 minutea below the horizon. 
But if the star has acquired any degree of elevation, 
be it ever so inconsiderable, the refraction becomes 
much less. At the altitude 6S 15 degrees it is no 
more than four minutes ; at the altitude of 40 de- 
ffreea it is only one minute ; and as the altitude 
mcreasea, the refraction always becomes less, till at 
length it entirely disappears at the altitude of 90 
degrees. 

10. This is the case when a star is seen in the 
very zenith ; for its elevation is then 00 degrees, and 
the real and apparent altitude is the same : and we 
are fully assured that a star seen in the zenith is 
actually there, and that the refraction of the atmo- 
sphere does not change its place, as at every other 
degree of altitude. 
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,MI tnnndinc ■>> ■»!' «>• Indindul panim or pUnl locliidBt In tbm 
(nHnlunn. A MfJ tii ^y.« U y«llu««,iit «« iiLU—, aaiUi, 



iltUco at two H 
brlDf dlffbood njoof 



Mloon flilol Mik ■![ or fH Ufbur tbu thu of Um «tmnih— . 
j^finnattvt pnpotitUrm^ In ioElOt ■ propoMUoB wUflh martoDrattnw; 






■ , tiy comiBrini mppoHd ind or 



anplHlUaii looartilmy. 



lUi olU ud tOnH Map, uul Willi (ddi u* •■ 
mosTt tlM iHii^ dT t bBOTvnlj lutfj abo** thi 



god ID tawii, In |*»n]. tbi mluaroMrf wMMIin 




w or tbinrtaiMpuatf •fnelmf _ 

UM (kg fraaiMiicil nilM Morfiai to wWcb Uhtb* v 
. Ad9iiiiiii'ima4w"<>^<«>np«hlanoraMrlM'lki 



nUgblMna. Lailn, 

Conat^utiU. 'niui— ] nrtKi ; tbenron I eilK, ** 1 nflect' is Ob 
on^futfrnf, " Iherafbn I diiiL" la [bo amrr^Mtni. LitLn. 
^■ftpodi-f, thaljitaAbltuiuofthi gtotw dkunHrlcaUy opfiokiH La vji, lad 

JlytrtuTfj opening. Liutn. 

J^procinufi'vit, ft comtni n«nr ra. In wmnoamj, Iba fn^BBl U^ 

■ nnrer ippmcti lo ■ nnintnT or imt aaiif tii; wllluin Uw paat 
blthfor imTtniitileiBctly. L«ln, 
^flurfiicl, Uul vliicb cuniej* or (sndDCB wiur. A. ptjig, ■ euA 



^■fnllVT. Ill* imLuhlad ftdanes of pcodlcllsi ftnon onulft bj pMUi 

of ib« [AaPiu. Gmek. 
^tiii<u)ii«i, lbs bodr of ftir wbldi •iiiTolnidi IlK (lobt n ill MiIml 

^jrut fn fflofnpbr, in ImfigliuirT ilFilfbl Una ramtug Uanfh Ob 
omin DfiiiE nnb mm pola lo pole, roniidwbktUMiMbinTot*M 



^tramiUr, an InMnRngol of (Uaa Bllcd wUh DMnuTi wbkA 
Ihe pimnn of tba ilr, ind ulilcli it In nneral dh la fti 
Ibi weiltwr. Ttia oord la Oraek. anil alfoillia iHbJU-iK 



■fflalii*' Lailn. 
M of fdnjiowdar 



lu UiB TepiaNt waild IM Ua ottJati. 




ud pronorlMHWtOai wUivilirwi wLiliJDUltiDirtiiMU. LiUl 
Calsrocl. 1 bodr or nut pfecipiuuil ftnn ■ ptu aMfbt, Snak. 



v^prnperUetDTftUbadMVilinqKhvhlcb wtcaA' 



Bun mffiarni. nilllcldit or Htliiyini a.am or naHB, 
ptayed by ariiin miuplirilctuu itf llirlut tge, wlio 
clieck nil ratianai iniKruqanul lAquiTT by ciUllIl| «oll(l 
fduo ttfjfkifnt, or ■d«)uai« c^ubb* of cTery Tbn it 



Ctvt.idell 

UUn. 



m p«|tv of pan of Hi 



"iX"'" 



Ctronu'ic, la opila, nlaiini fa calaar : Id amala, ta ■ okuId Mriaa gf 

Tarioua eanditunfi of (ba iiatura of lu claaiaDLaiy prlaeiDJaa. tad 
•t itw hithnaiB aaalitea oT ihaiila aad Mmpognil bnlkia. 




I, naih up or •anooa imlLUM or Ingi 
a, «Biipiod»™ii»a,taaaiii|ii™M«a,eaiiuitalni <bn* dlMUoi 
Maw— taainr, wMam. (oadnaaa : 11 Mfbl b* mdnd aUU Ban 
Mnplai bt IM iddUlon of bl|kbon.rMi.nUtieua. 

iiaii. IM aa of ta^Mdni lo ■ Hialltr apace by pnnva. 

iba bollomd aorftca or a eoiTiniiaar boly. Luib. 

n. niBina] ibDct. byUMiMaM nHMlniof urabodlia. I^dH. 



Cfif^attn, dk 



* anUi,mt wttWs ■ 



CpHlut, bifliif lti« Bmn of ■ cone, which la i flfOn pndmd bj tnra* 
lot ronail ■ nfhi-iiifM IrlinRl* iboQI lu rwpandletllar iMi ; ^ 

CoWMtfueni- Bn ^n/fudnt. The Iwn terrna m wfau I* called av^ 

OPIutmoiKf, In music, ttiea{r«iDeii1oriwoaoiiiidB endued at tbtauna 

parte oT gunpowifeT an eallpclre. eulplmr, and chucflal. l^tlD^ 
Ctfnfiiuj/p>unlnlerrufAfld conoeilon: the uqtuIbik] union oT the ptfn 
<•( ail animal body. Lailii. 

CeWnirr^'s'eiinnwhaiinStni hoc'araBjolilM. ChUdim deUaaMa 
the conlaun oT «ch olhcr^ Aicea hj traring irilh a pencil <ha liH 

ihroujhoiii, jnn prrcclmihcinajipar^iiily B[?itachin'(,ainl a( IcDilk 

Canud, Ibc rrancoannl ponion oT ifae oiicrnal coal o( the eyo. taUo^ 
Ciryorta', b«rnn|<lfi^ la body. Lailn. 

Ccjmj Callntuni. in aieupliriici aqd anaiomT, the pan of iha hBnaa 
biln whan the amU Ip euppoaoiJ u> mlda- LaciiH hut of lodlow 

CeTTfucb, a amall or mlnule body, Lailn. 

Caiulang. an DpmHon In anirgrTT.dui eanalsM In mnoilnf Jhi npaqoa 
loOB out of tbo Bjua of Tlajuni hj ip^an* of a naedla amamictad lir 

CrVAMf, ■'[wt which can ataod Bn, employed hi fnelUog ao-i radding 

Crf ''^^"^ (he Bolid. innapatcnE, Inlcmal hamotTr of Ihv Fyc. If laa' 

caajonal apariry pnidDm the dinqae called caiaraet- Greek. 
ba^, and l(a cHnpounda, a niura aquare and racTanBUlar In all Ita d^' 



BteaiKfett, la aepaiata Ihlnp compounded, l^na, In pitdtini, la 

aanuneea ; aniTui deoinipiiae is 10 lake tbs mne lo ptecca. 1 
fitgttt. Id ieninphy, [be three hundred uid elitlath pan of the oti 




DipUgrulic.rlsprtwIorfltry, Inltamn^laqiBlUlH. Onck. 
AMudM, lilt mundir-llhi hKh pmliud by ■ipUatn*. Latb^ 
Dtafrani. X lliure daliDMted Iter iba punse <f dutfoumloa ud a- 

Itiam£Ur^ n urbf bl UoA dAwn ibnufli tlu sntn oT ■ cLrJ* or fJoba. 



n a< tlH Kfi at Uf<ii ibmoib tnnqnmit ' 



DMncfMa, undenoT iaiiai>r<li> dlrRUnw. Lula. 

p i aai JM U, atnUtai Ilnai gnlatay nnrnat fknbar ud ftiUar ftm 
aShakar. BBtCaiHrml. UlUi. 

Siamf-MI. a migUaa of iniod. flaaa, « mauk In bnn af a Ml, fer 
IhapurpaaaafaoMtanf panWHiunplaraillDHma kin^ oT tahinr, 
anj in ntortftaf |onla loac by aliipwnck, (0 deaca od and miBaia 

. ofbdof dlTldad. UUn. 
w, u spUnl lUaa vhlrh bu tndi aurftat holl u rwJ. 
r.a>«fllal flaaa. wliteb bai boili aurfkeca ntaad. 
' —'n of (Old. toinBL in Baatbani Bonn **!>* >>■* 

ilj dnwa or qnad mh. Lula. 



ffUftnet. loan*, briflinwaa. Laiin. 

Mlbalbnalinniaiadwblcbbiilchinindll. Thui,lba«i>rnnllla* 

atdat la ralaied, iba bav, by lu alaniFiiy, la raaioml u In nuoial 
MUm. liiaaprofiniyoralr.uHiilluoraoIidbadlia. Oraek. 
SKtnClI|^ ika dlayaaulon wblib mtain bodMi hirt dT tnilrliif , by 
nbtring. Uie qiulliy or aiinuini cnbrr bodiM, and nr emltilof 
•paika of Hr. Il la dcniad Inm a Onmb KonI iliiiliyint xmttr, 

Bidl, 10 aulka wi by lata. Tbua, by a abitp atnte at ihi aUal am 

OiDI. Dn la alicllad. LMln. 
WItfivn, m KutoriuiH, an ofallM In pnlaa of ooa tiKtat at diad. 

Vnoitatiai, tba an of ai|iialntii| or ividarlai claanr. LaUn. 

AuriniL In utnmonii, iIh nappeanuiea of a itar. pliHt, or aaldlUa, 
anaibaTlii(bHnobaeandli)rltaalBi*rTaBUai<ifaBiiibarbod|>iBM- 
ii|ilii| Ilia ll|til LHla. 




u Ml gf Midlnf am. cr rl^inf "xt. LulB. 

■. DiQ wbole aiitlt of *^«n<4 ; ■ unlf btuI HlinilUk dt^ 

i^KTf rm, belonjTin u> ItM doclliM ot phllOMpb; of BplFDm ; ittoii- 
ln| in vbicli i™n'» 1IPI7 iml h«|ii>iii™i an nudi lo o)n«i«i In n»- 




ffl." 



aUwBuiiii 

■HI M'mM or piriiid sT ■](». LiUn. 
iviT* ind wiAnad IbbdIih. Iahq. 
«UI> uidiunmiutdoraUllDiiJi. Omk. 
« act «f Br^nf (Drin him« or Taimir. 
rant or (Iw wiM impon Willi ilM preMdlTif ; BTtponUn 



M^omJnhiUif, avolillltr of bvlof qiiwd ODtt ud of oaoprlnff a Iit|v 

XjpTiiiKiil, ■ pncUol Mai nidt u Hconalnanr Ha. lalli, 

_ .._ ___^ j,„ ,j^^ nuiui ia diAuad; iIh, DHfiltala. 



nttoii>,iBHMaraiiriHi(ilii»niUnlDiiliftigt. Buna. 

JUn. a HiKll llinad. In unlom):. dbns in lcn(, ilflidir. wlittitt 

ttentau. nriouMiT Inunvaniiii, inUc)! Rinn Un BUd pan* or u 

anlnul bod). Lani. 



iB wji or llilit I 



H, tiidUj, Lb (q<faaUioa Is 




OLOUART. i29 

jtaUJn nmle.aHArilulunnoolii lainrrti, uid tb« fnrik Is la- 



, of Kundi prpducfld bj ebordi 



Omu, kind. |«Hnl e\Mm oanialiilni Hiira] apiclo, wblch t|^ MB- 
uln ami Indl'lduili. Thiu. dog ta ( /«iii, cnirlKnad li ■ 
tftaet, WM Lljchtfeoi to fit4iwduu- LatLo. Tlupluril la^nura. 

a«fnpk|i. ■ it«cnpi«n of On «nta, Gmt. 



lie paniela* of 1 qilHrtal Rmi. LUlB. 
On^ation, nculu profm nwn ■«« atdp lo addUiv. Latla. 
CnMliL wtlfb: In iM nuniD tf tbi uniisng, Uitt pnadph Ik ril 
baSt* lAlcb Ulncu iiMn lonrd* acb Mlwr. LiUu. 



ir. » u u pntjioii 1 ptmini tt 

tm, OM-hairara (lobs. OiHt 

^mtmu. eompaHi] of dlWmiltr 

ospultd of Jtamameoui. whleJi all 



irtiiil hm; U 1* Iha 
unpaged *^l^'Hff**"h 

M ulUcti tertnlnun Ihc •law. Id laii' M br. «b te«tl- 

nuy ctnli cntoiniiuiiDi the |1at«. ud dlTiiHni ITiau ttw (WV 

4k( eqnuot WHild be iha ml bartum. Ttn xaiiblaiborluii faO* 
etrcla TMbty •iirmn«lii ' 



. TM HaHbla.^un iiuw 
be akj ud ika «ai;llf (fV«in> 



lftiiira^<9*y,> dnnipUcn gf Ibu ;«I or rwr (lob* iiIlM «> 



1, ihi ■« or dimuiKi tl 



IMooifUoiiofMlliiiii bj ■MUwr bodj. 



I. 

.._„.... of bmly w nMim. 
iMn-^vuia of ■ ariiMM M 




In vhleli one Indr <UI* op™ or vtrika ino 
Nl bj Ihu Ltne uul UiQ pluHMmoh npooisi 



■Dd Uh UlK 
th> U|1e dT )i 

LuiD. 
lUiiwliiii:, one npanw, dlnlnct, undlTldnl irliole. 

tMi i ud wUdl i«n Ih ornraae oalj by ■ pomr not In Ih* baij 

Bllliiftj. liimiilliiMiuM, itnUsl (riiully lamn. nomliR, ind dunttoa ; 

in nvhinm, wHbnut funii, itlitwui end. Lailn. 
JiVlMin, lb* Kt of bandiiig w lumliif . LiiLn. 

-' l7l>rtffl«in((o,iindlnKpK."-^— -— - 

LIBf to uieuEkdentftiiiJkn 11,111 



ZiOhrrfiiU, OHB, Innliletble dUBcullv oc p*tpleillT. Litln. 

Li m i t , m (sofnptaji, dlnunu of dIum mm the e^uior nwmnd 
on ilM iHridIsm In detma ud mUiDts, Ti]n degm cwitliw 
iboot M EuMMi mUt*, and • inlniiM Ib tbe aiiilcib pan of a dt- 
Cna. Tbe oiftieal poaailiJa dene of talllude ta at the polea, fiVh 
HtBf 90 dt(Kca mm (he aqualvr, LaUn, 

Jina, a (taaa fbt -—'-''if tMco, di daitnof fln (knm Uu coUaoMi 

XflvrinJdr, hatlB^ Iha fbnn oT a Inna, 

£«wl, balDf al Um aaiM IM(lii in all jiana. BaiDn. 

LamU, Uw lianMd ; Uh plural of iba Lailn word Uurotai, a Itaroad 

2*CK. Dit art or rljbl rruRitng, Sai tbt pupoaa of InTnaiiiaUnc BUI 

mrmunlcIUng oaeful liulti. anA. 
£"if«ii^, tD (oopap^, IlH anilfl *tiii:)i la AinHil It Uh nMiMlaii of 

.twur (idi, dw Oottlni and >t)lilB( of IIh Ude niallnly w Iba oodB. 
Ifw^totii Tnaela. ilander tniu{ianiil tsln thnafli wUcli Ipvk, m 



A ■OrtcM Inmvid ai 




fl Dr^ Kct who nuUnvoad llif 



■ olijKt ertrj lUiV njalila of 






In iot'v, ui knlennedLjlB 



JffJini i™!lnotlt«, I ilu9 which 1* con™ on one (urlkEiK, otf 

conaooo Uieollwr, UiitviaBUrhen ijipmcbliit ai ilmidiia. 
ItrphlUt, potonM™, IHlWlilnl YipOBc. L«m, 
Jfffflirtr, Ibi ittymlcil luing of lln fluid minnionl)' nllsd qolcWi""- 
IbrWam, In (ciignptly, ■ giw elnl< <sncanip««n| iTh flobs m 

« or tbc |lab« 



>i' la, fTliodla SdBlii In tba Hr, 
■ oft r«ll)'-BM|- 



XilMT, lA !n|lc, till acm^iror jaMkokr prc^iMiUoa of ■ (jUOflaB i Kr 
tiimplBt 1q (^ syllDiivm,— * 

Bal,pii.Hn(mmm;' 
Tbvrtfbre, TIib ktnf It unntkL 



imufH.-.lke IhlM, "(l» <ln( \m moitil," li I 
Mtrntf, ml*— °f brlnt mcneJ. U'in. 
ir>^ In lofle, pimlciilir ft«m « tiruciure of »n 
MohA ■ BiLnuia puiwle of miiur whicb idiiili 

Mmoclard, ■ miHinl InKrariHei tl o» Mtlni. 
ffMir, Ite fdn to lb* bMnM 4lnttlfM» lb 



aUtam IRH. In <v«M. »>*< (I'M Df * MtKOpa "lilch la iumI w ifei 



OcuJar lens, in ofllEs, Ihil gliB of I Iclncoia wUidi ti iffbcd to Ita* 

OjUTiii, ImpenliHU uiUk nyi ef ll|(ln, ixx innipmni. Lottn. 

fn, ■pbara, bB«f Illy f lobidsr body- L»iin- 

DlaiKC. LuUi. 
OiefUa/iM. lUsmue invriBf tMckmrd uid rbmrd, Ilk* Uu fMidUnB 



iTMnrHnl. 

Ibu Ilia Biiiiailn 

M(*ad,lnn«iiiun|UnninDf Iltli1,tranairnii. Lails/. 
JUxtaKHm, ■ body (Uipudcd » uHt >«ia^lai:k«ardi inl hmrk 



PrTaplioit. Itie powrt of retMlYlnii. knowlotjo, coindo 

Pfmiaili, lUKeiHililg of iHlig fMmrtl llirougli. Lvln 

FfTjviufiJ-kr^rtr, m #L''muirT> oiiv line iLfnittriir on nnoihf 

mo^Tnl pltan, wilful tKe «hffliiMI iiuliDiiMn Ln 1 





,_._, ... ._ tMTarpiHa(>L. 

or eoflitoDUu of doLdB. FtwkIl 



Kim, In BBile, ■"My, MMUy, oppn^ia I 

liiMiiiL Um immMi dmilir mbmne* iHHt u km nrtiy nf ■ i 



ncnni. ipue aiM with (stMim. Ulte. 

nimiMiiu, ■ nilihl •ppcndsd lo ■ MHni, Av Ibg pi My of imu ia 
lu iwrp«nd>cijl»iTy. 

Mar Cinia. dRln parUM Is lb* nnur m* Ita tnfta. M [fee Ac- 
tum af iweaty-amt dgfiw in* i btlt ucM ftaa hi nspanin 

nWyljteiini, lU ilocinDr of I plunluy of foU. Snck, 



rttiUcIton. fnfmnei frta tntm jir . 

rt-UIoMuAHl Ha/iiwn|r, tbi iDMIpbysnl docutnii of ■■ ortflINt 

wilL, 111 flniBuf wtucbaTery'lnnin Mltoii MperRinBHl. 
rinr, t trlBlifiilvopilql li w i u niginof fl*M>engtrt*tdfotfibepBryr 



(Vopsiiltoii, ■ psliil I 






■1 opw ln y of tbf vft, LaiJo- 



l)u^aiU, I)w tbnnli nn sT t rticla ; tn Itidnmniil of itiM torn, eon 
irinrfui imiuTfUinuil<*Hldiiun«aareele«>ill>«tlH. Itls 
(lM<nJ<«mtJ, niniiln>Ti(or>iDr«ttot. Utin. 
f^muiu. In nUhniaiie, itw numbir nualimi ftiwn Am dl'Wm •*■ im 




494 OU)i»ARY. 

R. 

Astfnw, In BnflMi rayi & •tnifht line dnwn fhm iIm MOtra of « efnto 

or spbore to the eirenmferenoa. Tbe plural ndii is in ^M. Latia. 
XoFv^heftoi^ tbe renderisf of e subetanoe thinner, more traaepnreat; It 

M tbe oppoeite of eondenaetion. Latin. 
RatiOf proportiiM. Latin. 
Ratiocination, t moeeea of raaaonlng, a dednetion of ikir ooDdaalaiis 

ftom admitted premieea. Latin. 
JSecMn/, that Which receivea and oontaina. Latin. 
ReaproeaUy, mutually, interehangeably. Latin. 
JRaetaii^«/ar, containing 4ine or more rigbt-angleo. A rig ht-angla oas- 

aista of do degreea. 
Reetiiauar^ conaiating of otraight linea. Latin. 
E^Uetiony In ^caioptnca, tbe aaqding back o( the raya of light fhim a« 

opaque sarfaoe. Latin. 
R^hufy tbe ebbing, or flowing baok of the tide. Latin. 
J^fVaefion, in dl^rica, the deTiatioo of a ray of light on paaalog ob- 
liquely fVom one medium into another of a dlfftureot denaity, aa 

ftom air into water or glaaa. Latin. 
R^aitfribUity^ diapeaition to leave tbe direct eonrae, capability of belnf 

bi^en or refracted. Latin. 
Rtfrangint medium, that which altera or braaka off tbe cooraa of nyn 

Latin. 
Reminiseenetiy the power of recollection, memory. Latin. 
Rtpulnont tlie act or power of driving back, Latin. 
Ruinous, conaiating of, or aimllar to, reain, a principle confined in eer* 

tain Tegetablee. Latin. 
Rtoonance, aound repealed. Latin. 
Xciptralum, tbe act of breathing. Latin. 
RetiadatoA, fbrmed like a net. Latin. 
Rotinoy the delicate net-like membrane at the bottom of the eye, on wbieh 

are painted the imageaof the objects which we contemplate. Latin, 
RotrograiUt moring in a backward direction- Latin. 
Rev^^tUictiy tbe act of beating or dpriog tack. Latin. 
Rooery, looae, wild, Irregular medltatfon. 

S. 

* 

SateUtUf an inferior attendant |rianet rarolTlng round a greater. Latio; 

JScalpoi, a ^rglcal diaaecting-knire. LatiO. 

Science^ knnwiedite : grtunmar, rhetoric, logic, arithmetic, moaie, geoiD- 
etry, aatronomy, hare been atyled the eeven liberal arts. 

Segment^ in geometry, part of a circle formed by a atreight line drawn 
firam one extremity of any are to the other, and the part of the eir- 
cumlbrence which oonetituiea that arc. The atraight line ia de- 
nominated the chord of the arc, fVoffl Ita reaemblance to a bowatring. 

StmieircUt the half of a circle ; the aegment formed by the diameter a» 
the chord, and tMie-half the eircumfbrance aa the arc. Latin. 

SemUoiUt in muaie, half a v>ne, tbe jeaat of all Intervale admitted inba 
modern muaie. The aemitone major ir the difference between the 
greater third and the fourth ; ita relation ie aa 15 to 16. The aemi- 
lone minor ia the difference between tbe grater third tnd the 1« 
third, and its relation in as 34 to tt. Latin. 

AmoI^ panepcifln by nettda of tbe I 




Via.rvnUr, RiTled, nn>t>onioniL ordvr of pratrmiDn^ m, Iti hiid- 
tiin^l8.IT.M.4S.M.03,lr«lDaHn». T)le word U Ibe BOM 



BrapsrUini : u S la «. u 8 ID 19, •■ 711 U 13 

^kiri, (lotie. GtmIi. 

SptrUiuU, ADi coniisitnn oT. bm 
8aM«m(, dcriud Id place. In 

Ulln. 

StaitTfiift,%fiUrfaartiirtntlon. Latin. 
SliWrrraiusu, DiukrllMsiirhciar itin (nxinil. Ulln. 
AkUiIt. thin, M* deua, mx imH. Uiin. 
SMprrficial. eilfliial. «i«iil«l alonf the luilHca Lalln. 

Su^aer, In ireomeirT, lenfth and breadili 






pniponiiioiii. Fur 



TWifnif, In (Hiinclr}. a itnlibi Una laacbliv ■ <3n^ eiKnallT In a 

7Wmcoj», ail opucal iDHnumnI ilaianed.bjIbcniaicnlO'inf pooo'tf 

Hmtpn-iiiiitnf, •uworboHj Drminil u prodaent by.ra- dcpondinl lipoo, 

Tnuim, llie luu of bdng kLRUbcd out. woiiHt up, dUwndcd. LmId 

7>im. dHenpllH nanM or pbnn, mmpoiiant part. condUkn, Laiin. 

•nttlan- ayaumaiie <li>lnli]r. Cirtck. 

ntartm, a ptopcMtinn announeM An danumMniUm. Ontk. 

ruary, a doarin« comnnijlaud IBil concfi-ed In Ibt mind, tim uH v.* 

oil»i bodV by bmh. of tb» mini or bllin) of a fluid in a (lua. 
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